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A survey of car dealers in New Jersey, just completed, 
revealed some interesting reactions to die cast radiator 
grilles. There was an overwhelming agreement among 
the dealers that the solidity and beauty of the die cast 
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motive engineers had them very much in mind when 
they made their 1938 specifications. 


For instance, the dealers will tell you that the die 
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Labor 


UAW-Chrysler Negotiations 
Swing Into Spotlight 


Labor news of the week in the 
automotive industry was centered on 
the negotiations between the United 
Automobile Workers and Chrysler 
Corp. in connection with their cur- 
rent agreement which expires on 
March 31, although repercussions to 
the revised UAW-General Motors 
supplementary agreement announced 
last week also drew attention. 

Negotiations over the Chrysler 
contract began on March 14 in the 
corporation’s Highland Park head- 
quarters with both UAW and the 
corporation silent on any changes 
which would be demanded in a re- 
vised contract. Several weeks ago 
R. J. Thomas, director for UAW- 
Chrysler locals, stated that the union 
would ask for some revision in the 
present no-strike clause, which it 
claims leaves no provision for the 
final disposition of disputes while 
binding the union to refrain from 
unauthorized strikes. 

The first two and one-half days 
of discussion have been devoted to 
consideration of “attitudes and re- 
sponsibility,” according to Lester L. 
Colbert, resident attorney for the 
corporation, who, with Herman L. 
Weckler, vice-president in charge of 
industrial relations, George Huth, 
his assistant, and Robert Conder, 
Colbert’s assistant, represent the 
corporation in the negotiations. The 
union committee, in addition to 
Thomas, includes Pat Quinn of the 
Dodge local, Leo Lamotte, president 
of the Plymouth local, and W. L. 
Munger, UAW research director. 

Thomas also has indicated that the 
UAW is seeking to speak for the 
8000 Chrysler office employes and to 
provide for them in a new contract. 
Under the present contract, the 
union claims, the company has re- 
fused to recognize the UAW as a bar- 
gaining agent because of a clause 
which exempts “confidential salaried 
employes.” 

(Turn to page 409, please) 
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E. R. FITCH 


. Who was recently named chief en- 
gineer of the Bendix-Westinghouse 
Automotive Air Brake Co., Pittsburgh. 
Mr. Fitch was formerly research en- 
gineer of the Westinghouse Air Brake 
Co., Wilmerding. Pa. 
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Production 


Industry's First Quarter Output 
Expected To Exceed 700,000 


The improved trading position of 
dealers through reduction in used 
car stocks, aided considerably by the 
industry-wide National Used Car Ex- 
change Week program, should be 
apparent in factory production sched- 
ules before long, although its effects 
were not yet strongly evident in the 
industry’s output for the third week 
in March. 

There was, however, another small 
but constructive gain in the produc- 
tion of cars and trucks during the 
current week, credited generally to 
seasonal improvement in dealers’ 
new car sales, to continue the gradual 
climb that has been evident since the 
first of the month. 

The week, it is estimated, will ac- 
count for close to 56,000 new cars 
and trucks to bring the revised total 
for the month to 150,000 and the 
total since the first of the year to 
583,000. With two weeks still to go 
in this month, the last in the year’s 

(Turn to page 409, please) 





ASTE Discusses Equipment Selection 


Society's Final Session at Machine and Tool Progress Exhibition 
Features Review of Factors Affecting Choice of Machinery 


Final technical session of the 
ASTE Machine and Tool Progress 
Exhibition featured an interesting 
symposium on “Selecting and Buy- 
ing Equipment,” with J. R. Weaver 
of Westinghouse in the chair. 

Principal paper was presented by 
Edwin Johnson, manager of cost 
studies, Packard Motor Car Co., who 
listed over 20 elements which must 
be considered in approaching the 
equipment problem. The paper .em- 
phasized the complexity of the. or- 
ganization required to consider a 
new equipment program. As most 
factory executives realize, commit- 
tee action is the rule in virtually 
every organization except perhaps 
the small shop. While in many cases 


the process engineer becomes the di- 
rect contact between the plant man- 
agement and the supplier, the com- 
mittee organization includes many 
other individuals. 

Some idea of the situation may be 
gained by considering just the titles 
of those concerned with equipment 
selection—factory manager, master 
mechanic, superintendent, process en- 
gineer, plant engineer, planning de- 
partment, production engineering, 
standards department, purchasing 
department, production supervisors, 
etc. 

Mr. Johnson stressed the past his- 
tory of the supplier, his facilities 
for service, and previous history of 

(Turn to page 404, please) 
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ROY EVANS has been appointed assistant 
general sales manager of the Federal Motor 
Truck Co., in charge of western territory. 
Previously he was Chicago district manager 
for Dodge. 


LEE B. GREEN is the new general man- 
ager of the Steelweld Machinery Co., Cleve- 
land. For many vears Mr. Green was gen- 
eral master mechanic for the Timken Roller 
Bearing Co., and later was superintendent 
of the Lincoln Motor Company's plant. He 
is widely known as former vice-president 
and work manager of the Globe Machine & 
Stamping Co., Cleveland. 

E. C. MORSE, 


president of Chrysler's 


export division, was guest speaker at the 
annual Port of New York Banquet, spon- 
sored by the Foreign Commerce Club of 


New York on March 15. 
GEORGE W. WALKER, industrial stylist, 


has been retained as consulting designer 
for Nash-Kelvinator. He will collaborate 
with engineering departments on automo- 
biles and refrigerators. 


H. A. HANSEN, manager of the marine 
earburetor division of Bendix Products, 
completed 25 years of service in the marine 
industry on March 18, which is the anni- 
versary of the day he joined the Stromberg 
Motor Devices Co. in Boston as a service 
engineer. Mr. Hansen is responsible for the 
“automatic drain,’’ a safety feature found 
on most marine carburetors. 


WILLIAM J. CAMERON, of the Ford 
Motor Co., addressed the Canadian Club 
at Montreal on March 16 on the subject ot 
“Industry and the Nation.” 


Index Number Revisions Announced 
For Automobile Wholesale Prices 

Recognizing that passenger car 
wholesale prices are lower than here- 
tofore reflected the Bureau of Labor 
Statistics, Department of Labor, has 
revised indexes by basing them on 
prices of three selected body types 
instead of on all body types which 
were previously included. For the 
present the indexes continue to cover 
six makes, Buick, Cadillac, Chevrolet, 
Ford, Packard and Dodge. The bu- 
reau, however, is preparing for a 
survey with a view to including the 
three body types for all important 
makes of passenger cars. The types 
are the coupe, the two-door sedan, 
and the standard four-door sedan. 

The revision shows a drop of 9.5 
points in the passenger car index 
for 1937, the new series being 93.5 
while the old series took an index of 
i03 (1926 equals 100). In the motor 
vehicle classification, which includes 
both passenger car and trucks, the 
drop was 6.7 points, from 96 to 89.3. 
The January, 1938, index for passen- 
ger cars under the revised series 
was 99.8, which compares with 110.1 
under the old series. The January, 
1938, index for motor vehicles under 
the revised series amounted to 95.6, 
while under the old series it 
was 102.8. 
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Richard S. Buck 
MEDALLIST (left), receiving the 
1937 Manly Medal from S. D. Heron at 
the National Aeronautical Meeting of 
the Society of Automotive Engineers 
held in Washington, D. C., March 10-11. 
Mr. Buck is project engineer, Pratt & 
Whitney Aircraft. With A. Lewis Mac- 
Clain, chief test pilot for Pratt & Whit- 
ney, he was co-author of the paper, 





ASTE annual dinner in Detroit on 


March 11 heard Ralph Flan- 
president of 


ders, 
Machine 


Jones & Lamson 


Co.; past-president ASME. 


Harris & Ewing Photo 
“Flight Testing with an Engine Torque 
Indicator,’’ which was judged the best 
on aircraft powerplants presented before 
the SAE in 1937. Mr. MacClain, having 
received the Manly Medal for 1934, was 
not eligible to receive it a second time. 
Mr. Heron, a member of the Manly 
Medal Board of Award, received the 
first Manly Medal in 1928. He is reSearch 
engineer with Ethyl Gasoline Corp. 





at ASTE 


sessions 


technical 
SPEAKERS included 
Edwin Johnson, manager of cost stu- 


dies, Packard Motor Car Co 





G.M. Pay Cuts Miss Canada 

Pay cuts for salaried workers ef- 
fected recently by General Motors 
Corp. in the United States have not 
yet been felt in Canada. Officials of 
the Canadian company are hopeful 
that the better level of business op- 
erations in Canada will be main- 
tained and that no such action as 


was taken in the United States will 
be necessary. Automobile sales in 
January and February have declined 
in Canada, compared with corre- 
sponding figures a year ago, but the 
decline has been far less than the 
corresponding drop in the United 
States. The normal spring pick-up 
is expected in a few weeks. 
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battleships to 


TREATIES back them was the 


gist of testimony by Charles Edison, 
Navy’s assistant secretary at a recent 
meeting of the House Naval Affairs 
Committee. Formerly active head of 
Edison Industries, largely »utomotive 
specialty manufacturer, son of the 
world-famous inventor, Mr. Edison 
continues a family tradition of plain 
speaking in the public service. 


Akron Labor 
To Vote March 29 On 
Goodrich Proposal 

Staging a mass meeting of organ- 
ized labor under auspices of the 
CIO, members of the United Rubber 
Workers Union of the B. F. Good- 
rich Co. will vote Sunday, March 29, 
on the Goodrich company’s ultima- 
tum that its employes accept sub- 
stantial wage cuts or face the alter- 
native of further decentralization 
with 5000 more rubber jobs trans- 
ferred from Akron to other cities. 

With the CIO mustering its 
strength from neighboring cities for 
a gigantic demonstration in Akron 
on the eve of the Goodrich employe 
referendum, the Akron Chamber of 
Commerce has issued a call to all 
citizens and civic bodies to enlist in 
a move to “Keep Goodrich in Akron.” 

Only paid-up members of the Good- 
rich United Rubber Workers will be 
permitted to vote, union officia!s 
claim. The election was called follow- 
ing a series of conferences with vice- 
president T. G. Graham of Goodrich, 
who previously had issued the ulti- 
matum that wages would have to be 
cut from 10 to 20 cents an hour, with 
absolute harmony produced plus as- 
surances of uninterrupted plant op- 
erations, or Goodrich would have to 
transfer 5000 jobs out of Akron. 

As result of these conferences Mr. 
Graham pledged the United Rubber 
Workers that in return for an em- 
ploye vote to accept the wage adjust- 
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ments, the company would: 

1—Negotiate a written agreement 
with labor, (the first to be granted 
by a major rubber company without 
the necessity of resorting to strike). 

2—Assurance that decentralization 
would be halted to the extent that the 
company would undertake no further 
decentralization for six months, and 
would “freeze” wages at the new 
and lower levels for six months. 

3—Assurance that the company 
would spend not less than $1,500,000 
in Akron this year for moderniza- 
tion and improvements. 

In addition the company asks a 
flexible work week averaging ap- 
proximately 35 hours throughout the 
year. Graham declared the average 
hourly wages paid by Goodrich in 
Akron to the men and women em- 
ployed in the manufacture of me- 
chanical rubber goods were 25 to 75 
per cent higher on averages than 
weighted hourly wages paid to men 
and women employed in plants of 
competitors outside of Akron. 





Tire Makers Share 
Federal Business 


Sixteen independent tire manufac- 
turers and one mail-order house have 
been certified by the procurement 
division of the U. S. Treasury De- 
partment as registered suppliers of 
Government tire and tube require- 
ments for the six-month period start- 
ing April 1. Last fall 14 of the 16 
companies were accused of collusive 
action by reason of their having sub- 
mitted identical bids to the Govern- 
ment. The bids were thrown out and 
the entire Government business for 
six months was given to Sears Roe- 
buck & Co. 


The 17 firms awarded contracts 
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Minor Mention 

James N. Wood, of Wood, Meagher 
& Company, Richmond, Va., has 
nearly completed a single cycle gaso- 
line engine which develops 1 hp. 
and weighs only 50 lb. He is also 
engaged on an Otto cycle marine 
motor which will be reversible like 
a steam engine. He expects to be able 
to build single cycle vehicle motors 
as light as 20 lb. to the hp. 

The American Express Company 
are adopting electric wagons at their 
Chicago headquarters. 

From The Horseless Age, April, 
1898. 
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plans to build ‘“‘flying for- 


PAPER 


tresses’’ four times the 
size of ‘‘clipper’’ airplanes were re- 
vealed to the House Navala Affairs 
Committee by Glenn L. Martin, who 
feels that battleships need airplanes 


to back them. Less warlike 
Martin’s appearance in Philadelphia 
on March 16 to give the Alexander 
Van Rennsselear Lecture at the 
Drexel Institute of Technology. Sub- 
ject: “The Application of Aircraft to 
the Needs of Mankind.” 


was Mr. 


are: Firestone Tire & Rubber Co., 
General Tire & Rubber Co., B. F. 
Goodrich Co., Goodyear Tire & Rub- 
ver Co., and Seiberling Rubber Co. 
of Akron; Armstrong Rubber Co., 
Westhaven, Conn.; Cooper Corp.., 
Findlay, Ohio; Dayton Rubber Man- 
ufacturing Co., Dayton; Falls Rub- 
ber Go., Findlay, Fisk Rubber Co., 
Chicopee Falls, Mass.; Hicks Rubber 
Co., Waco Tex.; Lee Tire & Rubber 
Co., New York; Penn Rubber Co.., 
Jeannette, Pa.; F. J. Schenurt Rub- 
ber Co., Baltimore; Sears, Roebuck 
Co., Chicago; United States Rubber 
Products, Inc., New York; Waber 
Co., Chicago. 

The Government business for the 
period will amount to approximately 
$1,500,000. 


Air Bureau Orders 25 Planes 

Contracts totaling $237,517 have 
been awarded by the Bureau of Air 
Commerce for the construction of 
26 airplanes to be used in the 
Bureau’s general inspection section. 

The Fairchild Aviation Corp.., 
Hagerstown, Md., will build 12 Fair- 
childs, model 24G, to cost $5,544 each, 
or a total of $66,528; and 11 more of 
the same model, but without engines, 
to cost $3,499 each, or a total of 
$38,489. 

Another contract was awarded to 
Waco Sales, of New York, Inc., 
Mineola, L. I., for three Waco air- 
planes, at $7,500 each, or a total of 
$22,500. 
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flocked to the 


lar Aad Among the many interesting exhibits 
aa, (90 PEOPLE first Machine of new machinery, the Illinois Tool Co. 
and Tool Progress Exhibition held in had the first showing of a machine for 


Detroit last week in conjunction with the 
annual meeting of the American Society 
of Tool Engineers. Above is a view of 
the show floor over which were spread 
approximately 160 exhibits of machine 
tools, small tools, gages, instruments, 
and a variety of materials and attach- 
ments. 


checking involute profile. 
is equipped with an amplifier operating 
on a special circuit which magnifies the 
feeble impulses from a fine tracer on the 
gear tooth. 
is reproduced on an indicator card which 
gives readings on a sheet 
tenths of a thousand. 


This macnine 


The movement of the tracer 


calibrated in 





ASTE Discusses Equipment Selection 


(Continued from page 401) 


the type of machines under consid- 
eration. In considering machine 
design, the speaker noted that the 
following elements must be investi- 
gated—type and adequacy of lubri- 
cation system, provision for handling 
cutting fluids, provision for chip 
handling and disposal, and facility of 
service operations. 

In discussion, P. W. Brown, gen- 
eral factory superintendent, Wright 
Aeronautical Corp., pointed to the 
difference in the problems of the 
automotive producer and the aircraft 
engine builder. The latter is con- 
fronted with the problems of rela- 
tively low volume, frequent design 
or detail changes, the requirement of 
great accuracy, and fine finish. More- 
over, the problem of machinability 
is much more acute since the air- 
craft engine builder must use spe- 
cial alloy steels, many of which are 
considerably harder than the general 
run of materials used in automobile 
construction. 

Accordingly, these engine builders 
rely almost entirely upon the more 
universal types of equipment, with 
unit-type machinery for the larger 
volume parts. Mr. Brown, too, em- 
phasized the basic role of committee 
action in buying equipment and 
pointed out that his organization has 
been able to profit greatly by recom- 
mendations of machine tool engi- 
neers in connection with a new build- 
ing program. 

A. H. D’Arcambal, consulting met- 
allurgist, Pratt & Whitney Co., con- 
tributed the viewpoint of an out- 
standing machine supplier. He lauded 
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the committee method of machinery 
selection as being most productive of 
good results and cited the valuable 
assistance rendered by the machin- 
ery builder’s engineering consulting 
service. 

Since precision gaging equipment 
has become one of the most impor- 
tant adjuncts of the modern produc- 
tion process, Mr. D’Arcambal urged 
that buyers would profit by selecting 





inspection machines in the same 
manner as they do the basic ma- 
chine tools. He also stressed the 
economic value of the special tool 
materials now on the market and 
showed how large sums could be 
saved yearly by the selection of the 
right kind of tool and tool material. 

The symposium was concluded by 
comments from T. J. Higgins, gen- 
eral purchasing agent, General Elec- 
tric Co. Mr. Higgins outlined the 
peculiar manufacturing problems of 
his organization and showed why it 
is necessary for them to concentrate 
on the use of general purpose ma- 
chines for the bulk of the work, with 
some special equipment wherever it 
is justified. G.E. has in operation 
some 25,000 machine tools at the 
present time so that the purchasing 
department as well as the factory 
executive committee may be said to 
have experience with every type of 
machine on the market today. At 
G.E., after the equipment recom- 
mendations have cleared through the 
regular channels, purchase orders 
for all plants originate from Sche- 
nectady headquarters. 

On Friday the more formal part 
of the ASTE program was concluded 
by the annual dinner at which the 
new national officers were installed. 
Principal speaker at the banquet was 
R. E. Flanders, president, Jones & 
Lamson Machine Co. Mr. Flander’s 
talk was entitled “The Tool Engi- 
neer.” 


ONE MILLION TONS 


of hot and cold rolled sheet and strip per 


year is the production capacity of Re- 
public Steel Corp.’s new 98-in. strip mill 
in the Cuyahoga Valley, Cleveland. The 
mill was formally opened March 15 with 
a group of newspaper and tradepaper 
editors present for the event. Following 
an inspection trip of the mills, the guests 
were entertained at luncheon and wel- 
comed by R. J. Wysor, the corporation’s 


president. At the dinner which con- 
cluded the day's activities, T. M. Girdler, 


Republic chairman, and C. M. White. 
vice-president in charge of operations, 
spoke. 

The picture shows steel strip in the 
new plant passing over the transfer 
table to the hot mill finishing depart- 
ment. The truss visible in the photo- 


graph is 30 ft. high and 216 ft. long and 
carries the weight of huge traveling 
cranes which operate overhead. 
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THE WEATHER 


for the 


during the week of March 5 to 12. 
Used Car Exchange Week was hampered in many sections 
of the country by rain, sleet, snow, 


assumed _ specific 


importance 
automobile industry 
Success of National 
and extreme cold. A reported below. 


Postseripts on Used Car Drive 
Campaign’s Effect in Shrinking Inventories Boosts Dealer Morale: 
Reeves Sees Further Cooperation of Ford and AMA 


Again the automotive industry has 
demonstrated its leadership among 
the business enterprises of the coun- 
try in staging a highly integrated, 
cooperative effort to solve a problem 
caused by the present recession. Na- 
tional Used Car Exchange Week not 
only will show a marked decrease in 
used car stocks in the hands of some 
44,000 dealers throughout the coun- 
try, but, according to Alfred Reeves, 
vice-president and general manager 
of the Automobile Manufacturers 
Association, has been successful in: 

1. Raising the morale of automo- 
bile dealers everywhere. Dealers 
tend to be superlatively optimistic or 
pessimistic, and the heavy used car 
stocks have been demoralizing. 

2. Again bringing the entire man- 
ufacturing industry into a coopera- 
tive effort. This will probably open 
the way for other coordinated plans 
which will need the active participa- 
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tion of all manufacturers, including 
the Ford Motor Car Co. 

3. Showing other industries the 
advantage of cooperative efforts. 
Many industries, the units of which 
have never been as cooperative as 
the automobile manufacturers, have 
shown interest in applying some uni- 
fied program to their problems. 

4. Advertising agencies, proud of 
their project, are working on plans 
to coordinate the sales efforts in 
other fields. 

One of the most important fea- 
tures of the National Used Car Ex- 
change Week has been its specific 
service to each of the 44,000 auto- 
mobile dealers in the country, Mr. 
Reeves believes. “Eventually, of 
course, the results will be felt by 
the manufacturers who paid the bill, 
but the good will on the part of the 
dealers in each of the 48 states is 
inestimable.” he said. 


used car buried under a pile of snow. 
fore, is the success of the week, 


large proportion of used cars are exhibited on open lots, 
and it is manifestly difficult to 


interest a prospect in a 
Remarkable, there- 


in terms of actual sales 


The Ford Motor Co. was the only 
manufacturer to set up machinery 
for gathering day-by-day results of 
the campaign. John R. Davis, Ford 
general sales manager, reported that 
his company’s dealers sold 57,894 
used cars during the week with sales 
totaling $14,327,589. Approximately 
40 per cent of the sales were for 
cash with an inventory reduction of 
$8,000,000. Ford dealers’ stocks were 
reduced by 22,804 used cars with 
many of the deals involving no trade- 
ins. Sales by Ford dealers for the 
campaign week compare with used 
car sales of 77,000 for the entire 
month of February. 

Chevrolet dealers had begun a 
used car drive of their own in ad- 
vance of the industry’s campaign 
with most of them joining their ef- 
forts with the national drive, accord- 
ing to W. E. Holler, general sales 
manager. Mr. Holler released used 
car sales data for February showing 
a total of 116,925, an increase of 
1367 used cars over February, 1937. 
Chevrolet dealers showed a _ reduc- 
tion in used car stocks from January 
of 7813 units. 
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Business in Brief 


Written by the Guaranty Trust Co., New York 


Indications of a better sentiment ap- 
peared in some business quarters last 
week. The index compiled by the Journal 
o7 Commerce stood at 69.0, as compared 
with 68.4 the week before and 103.7 for the 
corresponding period last year. The index 
reflected a seasonal upturn in car loadings; 
automotive activity was steady, and lum- 
ber production and electric output made 
gains. The favorable start of spring wear- 
ing apparel buying was not continued. The 
volume of retail trade was from 2 to 5 per 
cent below that in the preceding week and 


from 6 to 13 per cent below that a year 
ago. 
Car Loadings Rise Sharply 
Railway freight loadings during the 


week ended March 5 
which marks a 
those in 


totaled 552,916 cars, 
rise of 40,986 cars above 
the preceding week, a decline of 
177,413 cars below those a year ago, and a 
fall of 81,654 cars below those two 
ugo. 

Production of electricity by the electric 
light and power industry in the United 
States during the week ended March 5 was 
7.5 per cent below that in the correspond- 
ing period last year. 

Lumber production 


years 


during the week 


ended Feb. 26 stood at 43 per cent of the 
1929 weekly average. Output was slightly 
above that in the preceding week; ship- 


ments gained considerably, while the vol- 
ume of new business was smaller. 
Average daily crude oil production for 


the week ended March 5 amounted to 3,- 
339,700 barrels, as compared with 3,228,000 
barrels for the week before and 3,298,800 
for the corresponding week last year. 

Preliminary estimates of the output of 
bituminous coal during February place the 
volume at 27,000,000 tons, as compared 
with 42,110,000 tons in the corresponding 
period last year. 

Fisher’s Index Flutters 

Professor 

commodity 


Fisher’s index of wholesale 
prices for the week ended 
March 12 stood at 82.8, as compared with 
83.0 the week before and 82.4 two weeks 
before. 

The consolidated statement of the Fed- 
eral Reserve banks for the week ended 
March 9 showed a decline of $2,000,000 in 
holdings of discounted bills. Bills bought 
in the open market and Government secu- 
rities remained unchanged. Money in cir- 
culation declined $9,000,000, and the mone- 
tary gold stock increased $1,000,000. 


See No Change in Canadian Tariff 
Pressure for Adjusted Rates Believed Eased by Briefs 
of Dominion Plants to Tariff Board 


No direct change in the automobile 
tariff of 17% per cent is now ex- 
pected in the Dominion Budget, 
which will probably be introduced 
early in May. A few months ago it 
was believed that some concession 
might be made as a result of pres- 
sure from low-tariff western liberals. 
Manufacturers in their recent briefs 
presented to the Tariff Board ap- 
parently have convinced the author- 
ities that the present rate of protec- 
tion is justified. Reopening of the 
General Motors plant in Regina, 
Sask., now busier than Oshawa, is 
also considered a potent factor. As- 
sembling of cars in this prairie city 
demonstrates in a practical way ad- 
vantages of Canadian industry. Ford 
Motor Company of Canada, Ltd., ex- 
tension in British Columbia, is said 
to be having a similar effect. It is 
expected, however, that the special 3 
per cent import excise tax on all im- 
ports from foreign countries will be 
wiped out or substantially reduced. 
In current trade negotiations Wash- 
ington is known to be insistent on 
this point. 

This impost, because it is levied 
on cost, plus duty, really amounts to 
a general tariff of about 414 per cent. 
On cars in the price range of ap- 
proximately $1,000 elimination of 
this tax would be equivalent to a re- 
duction of slightly over $40. As it 
would apply directly to competitive 
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imported cars it is quite probable 
that any reduction might be met by 
Canadian-built cars. 

Canadian tariff authorities, AUTO- 
MOTIVE INDUSTRIES understands, are 
convinced that there has really de- 
veloped in this country a genuine 
motor car industry mainly as the re- 
sult of Empire regulations that 
specify a definite and large Canadian 
content if a car is to enjoy full Em- 
pire preference when exported. Fol- 
lowing these content specifications, it 
is now reported that certain low- 
price models manufactured in Can- 
ada are materially different from the 
equivalent lines by the American 
parent companies. A parts industry 
supplying the Canadian car has also 
been developed. 

Higher costs of Canadian cars in 
comparison to levels in United States 
are freely admitted by both tariff 
board authorities and the manufac- 
turers themselves. These higher 
costs, however, have apparently been 
justified on the ground of indirect 
benefit from having a car industry 
established in Canada. Some of the 
difference is due to considerably 
higher government taxes in Canada. 
This difference was fully outlined in 
the brief recently by the Ford Motor 
Company of Canada, Ltd., East 
Windsor, Ont. 

This explained that Federal ex- 
cise tax in the United States is only 


3 per cent on passenger cars, and 
that 26 out of the 48 States have no 
additional State sales tax. Sales tax 
in Canada is 8 per cent. In regard 
to the indirect benefit of the Cana- 
dian car industry, the Ford brief 
pointed out that while the difference 
between the Canadian and American 
prices in 1936 totaled $18,500,000, 
disbursements in Canada by motor 
companies in that year catering to 
domestic and substantial export de- 
mand, totaled $67,800,000. This was 
at the rate of $3.65 spent on mate- 
rials, wages, taxes, transportation, 
ete., for every dollar of additional 
cost to Canadian buyers as a result 
of the tariff. In other words, if all 
cars could be imported from the 
United States at prevailing prices. 
for every dollar the Canadian buyer 
would save as a result there would 
be a loss to Canadian industry as a 
whole of nearly $4. Moreover, of 
the $18,500,000 of additional cost to 
Canadian buyers, presumably as a 
result of tariff, more than one-third 
or $6,300,000 is attributed directly to 
Federal Government duties and im- 
port taxes on necessary materials, 
parts and supplies without counting 
sales taxes on finished automobiles. 








Diesel-powered electrical generator sets, 
supplied by the Caterpillar Tractor Co., 
are described in Form 4658 issued by the 
company. The generator sets are supplied 
with capacities of 20 to 80 kw.* 


‘“‘Modes and Motors” is one of the latest 
of the series of popularized stories of func- 
tions in automotive design prepared under 
the sponsorship of the GM public relations 
department. The Styling Section of Gen- 


eral Motors is responsible for this one, 
which tells about the work in many fields 
of the Styling Section.* 

Ironically coincident with the Hitleriza- 


tion of Austria comes ‘‘Motoring Abroad,”’ 
informative annual publication of the For- 
eign Travel Division, American Automo- 
bile Association which tells all about how 
to take your automobile with you on your 
next European trip—-what to do, and what 
to see. Includes an excellent AAA map of 
motor routes in Euronpe.* 


3attelle Memorial Institute, 
Ohio, has issued a pamphlet 
its ‘‘Research for Ceramic 


Columbus, 
describing 
Industries.’’* 


Research Foundation of the 
stitute of Technology, Chicago, has just 
published Vol. 1, No. 1, of a new institu- 
tional organ titled, ‘‘The Frontier.’’ Part 
of the first issue is devoted to an article 


Armour In- 


on “The Quest for the Unknown in the 
Automotive Field.’’* 
*Obtainable from editorial department, 


AUTOMOTIVE INDUSTRIES. Address Chest- 
nut and 56th Sts., Philadelphia. 
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Acme Photo 
‘ T caught 
SENATOR BORAH »¢ "fhe 
camera at an unusual angle during the 
hearing, March &, before the Senate 
Judiciary Subcommittee on the 


O’Mahoney-Borah corporation licens- 
ing bill. 


A.P.E.M. Choses Officers for °38 


At the annual meeting of the 
Automotive Parts and Equipment 
Manufacturers Association held last 
week in Detroit the following officers 
of the @ssociation were reelected for 
193 C. C. Carlton, secretary of 
Motor Wheel Corp., president; Hugh 
H. C. Weed, vice-president of Carter 
Carburetor Corp., vice-president; 
M. C. Dewitt, vice-president of 
Champion Spark Plug Co., secretary ; 
and D. W. Rodger, vice-president of 
Federal Mogul Corp., treasurer. 
Clarence O. Skinner remains general 
manager of the association. 





Discuss Pierce-Arrow Plans 

Possibility of liquidation of the 
Pierce-Arrow Motor Corp. was dis- 
cussed by attorneys at a hearing 
before Federal Judge John Knight in 
Buffalo on March 10. 

“We expect to know within a 
month whether or not we will have to 


liquidate,” William I. Morey, at- 
torney for trustees, told Judge 
Knight in making an application 
for an allowance for his firm of 


Slee, O’Brian, Hellings & Ulsh. 

“The time has come for progress 
toward a reorganization plan or for 
sale of part of our holdings,” said 
Alfred M. Saperston, representing 
Waiter E. Schott of Cincinnati, who 
holds a claim of $200,000 secured by 
the parts department. 

It was brought out at the hearing 
that the corporation has 444 cred- 
itors. The next hearing is scheduled 
for March 21. 
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Federal Licensing in Limbo 
O’Mahoney-Borah Bill Seen Shelved For 


At Least Present Session of Congress 


Every indication is that the 
O’Mahoney-Borah Federal licensing 
bill is definitely on ice for at least 
the remainder of the present ses- 
sion of Congress and at present its 
enactment at any time seems doubt- 
ful. Despite the fact that it has been 
rewritten and is less rigid now than 
the original draft industry generally 
continues to be bitterly opposed to 
it on the ground that it still has 
provisions which would give the Fed- 
eral Government the power of life 
and death over more than 300,000 
business enterprises which would be 
required to obtain Federal licenses 
to remain in business. 

As rewritten the bill would compel 
Federal licensing of all corporations 
with gross assets in excess of $100,- 
000. Consequently it would lay the 
heavy hand of control over the auto- 
motive manufacturing industry and 
a broad section of its collateral 
units—wholesalers, jobbers, parts 
and accessory producers, etc. 

“It would be the same as a plan to 
enforce compliance with automobile 
speed and traffic laws by requiring 
a governmental observer to be con- 
stantly or periodically seated along- 
side the driver of every automobile 
to observe and report all violations 
under threat of revocation of the op- 
erators’ driving license and a denial 
of the use of the automobile,” Elmer 
T. Cummingham, New York, acting 
chairman of the National Associa- 
tion of Manufacturers’ Committee on 
Government Relations to Industry, 
told the Senate Judiciary Committee. 

The bill would require every inter- 
state commerce corporation with 
gross assets of more than $100,000 
to obtain a Federal license from the 
Federal Trade Commission. To ob- 
tain a license, a corporation will 
have to file a vast amount of informa- 
tion of all kinds. Each license would 
contain terms and conditions pre- 
scribed by the FTC as in its opin- 
ion would be appropriate to carry 
out the purpose of the bill. Denial 
of a license could be made on the 
ground that a corporation was an un- 
lawful trust of combination. Every 
license would prohibit discrimination 
against female employes, employ- 
ment of persons under 16 years of 
age, and persons under 18 years of 

age in a hazardous occupation or 
between the hours of 7 p. m. and 
7 a. m. Employes would have the 
right of self-organization and collec- 
tive bargaining and authority would 





be given the FTC to demand detailed 
data from each corporation for the 
“confidential” use of employes and 
employers. A modified provision 
gives the power of revocation of 
licenses for violation to the courts 
instead of the FTC. Interstate com- 
merce corporations would have 
power under state charters, by mere 
acts of their board of directors, to 
accept any charter restriction Con- 
gress imposes as a condition of the 
right to engage in interstate com- 
merce. 

The bill has many other sweeping 
provisions designed generally to 
break up so-called big business and 
monopolistic practices. It is so 
stringent and complicated that even 
the New Deal has withheld approval 
of it so far. On the other hand it 
has organized labor support. 

But aside from its severe terms, 
doubt of passage of the bill rests 
largely on the fact that the New 
Deal itself is preparing to announce 
an anti-trust legislative program, 
though it is freely conceded such a 
program will not be enacted at the 
present session of Congress, if at all. 


Chubb Patents to Polaroid 


The Polaroid Corp., Boston, Mass., 
reports that it has acquired control 
of all patents relating to light polar- 
izing material and to the use of 
polarized light in eliminating auto- 
mobile headlight glare formerly held 
by Dr. L. W. Chubb and his asso- 
ciates in Polarized Lights, Inc. 

It was stated that Doctor Chubb 
and certain of his associates have 
become stockholders in the Polaroid 
Corp. The present board of direc- 
tors of that company includes: 
Donald L. Brown, H. W. Chadbourne, 
Carlton L. Fuller, W. Averill Harri- 
man, Edwin H. Land, chairman, Al- 
len Latham, Jr., Sterling Pile, Julius 
Silver, L. Z. Morris Strauss, James 
P. Warburg, and George W. Wheel- 
wright, 3rd. 


Willys Stocks Down 


At a meeting of 200 dealers from 
Ohio and Indiana points at Willys- 
Overland Motors, Inc., in Toledo, 
Walter E. Schott, Cincinnati, presi- 
dent of Willys of Ohio, Inc., distrib- 
utors, said reports showed stocks of 
new cars in hands of dealers have 
reached the lowest point in a year. 
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Automotive Metal Markets 


Steel Demand Rate Trending Steadily Upward With 
Ingot Capacity Reported at 32.1 Per Cent 


Further .progress was recorded 
this week in bringing about a more 
satisfactory rate of steel demand. 
The American Iron & Steel Insti- 
tute reports employed ingot capac- 
ity at 32.1 per cent, a gain of 7.4 
per cent over the preceding week 
and, with the exception of one week 
in January, the best showing in 
four months. Steel company sales 
managers believe that, from now 
on, increases in automobile assem- 
blies will be more quickly reflected 
in steel commitments and specifica- 
tions, accumulations of finished 
parts and material reserves more 
nearly approaching normal propor- 
tions. A Middle West steel com- 
pany executive, who heretofore re- 
fused to indulge in predictions, 
expressed himself as confident this 
week that the initial stage of a sus- 
tained upward curve in buying had 
been attained. 

The steel bar market, long dor- 
mant, is beginning to show signs of 
life. Now that things look a shade 
better, some of the finishing mills 
adjust their operating schedules on 
as economical a basis as possible, 
which means inevitable peaks and 
valleys from week to week, tending 
to obscure the trend, which, mild 
as it is, after all is upward. Some 
of the Chicago district mills are re- 
ported this week to be running at 
better than 40 per cent of capacity. 
Takings of flat steel, both sheet and 
strip, by automotive consumers are 
well maintained, although no spec- 
tacular increase is noted. Bolts and 
nuts are moving in a routine way 
and the same holds true of manu- 
facturing wire. 

According to a press dispatch, 
the Council of the Tin Producers’ 
Association has unanimously ap- 
proved the formation of a Buffer 
stock and has urged the Interna- 
tional Tin Committee to put the 
plan into operation as soon as pos- 
sible. What the producers appre- 
hend is that export and, therefore, 
production quotas will be pared 
further and a Buffer pool would 
permit them to continue operating 
at a reasonable rate and possibly to 
“cash in,” if the supply should 
get tight under improved demand. 
While the events in Austria at first 
caused a break to the extent of 
around $20 a ton in the London 
market, recovery set in quickly. 
Here spot Straits was offered at 
411. cents at the beginning of the 
week, but consumers, who might 
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have covered at 40 cents, were 
offish. Easing of the international 
tension caused the market to re- 
bound on Tuesday and advance to 
41% cents. 

The untoward effect of the latest 
statistics, which revealed domestic 
copper stocks as being at the high- 
est level since 1935, in excess of 
325,000 tons, was offset by a slight 
contraction in world stocks and 
other influences that served to 
steady the situation. As a result, 
the price for electrolytic was held 
at 10 cents, the export price, which 
early this week had slipped to 9%% 
cents, later recovering to 10, 
cents. 

A decline in the price of zinc, 
which metal was obtainable at 414 
cents, East St. Louis, early this 
week, caused prices for certain 
brasses, bronze and nickel silver to 
be marked down by '4 to 44 cent a 
pound, but there was every indica- 
tion that the zinc market had been 
fairly well liquidated and _ that 
prices would move in the opposite 
direction before long. 

It was pointed out this week that 
the negotiations for a _ reciprocal 
tariff with the United Kingdom and 
its dominions might affect the rate 
of duty on cadmium, the present 
duty on which metal is 15 cents a 
pound. Domestic production takes 
care of consumption under normal 
conditions, but there have been 
times when heavy demand made 
importations profitable. 

Lead has’ shown a-_6é silightly 
stronger undertone in the last few 
days.—W. C. H. 





Physicists Hear C. F. Kettering 


A two-day session of the Amer- 
ican Institute of Physics held at the 
University of Michigan closed this 
week. Papers presented were di- 
rected at the application of physical 
methods to automotive research and 
development. 

In discussing instruments, E. J. 
Martin, of General Motors Research, 
indicated that the physicist can aid 
the engineer in the selection of ap- 
paratus suitable to special problems 
and in the interpretation of the 
results. 

The principal address following 
the dinner was made by C. F. Ket- 
tering, who presented his usual ab- 
sorbing perspective of the work of 
the research laboratories in a paper 
entitled “Scientific Training and Its 


Relation to Industrial Problems.” In 
closing Mr. Kettering said: 

“So far as the opportunity for 
young men and physicists is con- 
cerned there never was such an op- 
portunity in the world as there is 
today. We are going to find out that 
the way we are going to get out of 
some of our social difficulties is not 
by legislation, but by experimenta- 
tion and development; by new prod- 
ucts the people want. They have to 
start here in the physicist’s labora- 
tory, and you have got the whole 
world in front of you as far as the 
laboratory is concerned. . 

“We are going to be physicists as 
long as we are going to try to push 
this borderline of human knowledge 
a little bit further ahead. A develop- 
ment is no good as long as it is in 
the laboratory. It is only good when 
everybody in the country uses it. 
That is the reason why we want to 
help you, because so much depends 
on us. We have got a fine job to do, 
and that is the reason why we have 
been so interested in meeting with 
the physicists.” 


NADA Convention Date 
Set For April 25 

The twenty-first annual conven- 
tion of the National Automobile 
Dealers Association will be held at 
the Hotel Statler, Detroit, April 25, 
26, and 27, according to A. N. Ben- 
son, general manager. 

The Association’s legislative ac- 
tivities in Washington, the Withrow 
Resolution, industry junking plans 
and state regulatory laws are among 
the topics scheduled for discussion 
by dealers from all parts of the 
country. . 

In connection with the convention, 
the Federal Trade Commission will 
hold a trade practice conference for 
the purpose of establishing fair trade 
rules for the automobile industry. 
This conference will be held on April 
26 and will be directed by Commis- 
sioner C. H. March. 


--- Slants 


THE FOURTH “E”—Addition of a 
fourth “E” to the “Three E’s” of 
traffic safety by including “Example” 
with the acknowledged factors of 
education, enforcement, and engi- 
neering was suggested by Norman 
Damon, director of the Automotive 
Safety Foundation, in an address 
delivered at the annual banquet of 
the Automotive Parts & Equipment 
Manufacturers held in Detroit last 
week. 

“Records already available in De- 
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roit and South Bend, Ind., covering 

two-year period indicate that em- 
vloyes of the industry, both on their 
wn and the companies’ time, are 
«mong the best drivers in the coun- 
try,” Mr. Damon declared. “In South 
Bend employes of the industry con- 
stitute 40 per cent of the total 
drivers. In 1987 they accounted for 
bout 13 per cent of the traffic viola- 
ions in court records.” 


Production 
(Continued from page 401) 


first quarter, the industry’s present 
pace should bring the year’s total 
above 700,000 units for the first 
quarter. 

In the General Motors group the 
Pontiae Division went to five days 
with an expected output of 2400 
units. Other GM divisions showed 
slight gains or held their own. Willys 
expects a gain of about 500 cars over 
last week and Studebaker has sched- 
uled an increase of 100. 

Dodge dealers showed another in- 
crease in sales during the week end- 
ing March 13, according to figures 
released by A. vanDerzee, general 
sales manager. The increase last 
week was 7.3 per cent over the pre- 
vious two weeks, with used car de- 
liveries showing a gain of 35.2 per 
cent. Improvement in Dodge dealers’ 
position has enabled the company to 
increase its shipment 26.6 per cent 
over the level of the preceding weeks. 

—J. A. L. 


Labor 
(Continued from page 401) 


The revised supplementary agree- 
ment between GM and the UAW, an- 
nounced last week; has stimulated 
internal disagreements within the 
union with several units of the or- 
ganization objecting to acceptance of 
the revised agreement by the UAW 
executive board without referring 
it to a delegate conference. Shop 





After 44 Years ... 


The French firm of Panhard & Le- 
vassor to 
Daimler-Benz Co. 
manufacture’ the 
Model 170 in France. The report is of 
particular interest in view of the fact 
that the firm of Panhard & Levassor, 
which was the first to attain promi- 
lence in the industry 
started its activities 


is reported have secured 


from the a license 


to 


Mercedes-Benz 


automobile in 
in this 
field in 1894 under a Daimler license. 
it had previously been manufacturing 
wood-working machinery. 


France, 
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. + Pa 
New Passenger Car Registrations 
| Per Cent | Per Cent of Total THREE MONTHS 
Change, January Saeed Senin teetiaie 
January December January Jan. 1938 | _ ‘ al 
| over 1938 | 1937 Per Cent 
1938 1937 1937 | Jan.1937| 1937 1938 | Models | Models | Change 
Ford 35,295 | 30,721 | 65,473 | — 46.0 24.80 23.91 | 81,087 | 154,204 | — 47.5 
Chevrolet 33,618 | 45,180 | 54,646 | — 38.5 23.63 19.96 | 135,893 | 194,992 | — 30.2 
Plymouth 17,179 | 22,228 | 42,446 | — 59.5 12.07 | 15.50) 65,5 129,739 | — 49.5 
Buick 11,059 | 14,853 | 14,910 | — 26.2 7.77 5.45 | 43,968 | 51,825  — 15.2 
Dodge. . 7,672 | 10,567 | 21,529 | — 64.3 5.39 7.86 | 32,584 ,600 | — 48.0 
Pontiac 7.090 9,704 | 15,832 | — 55.2 4.98 5.78 | 29,361 | 47,188 | — 37.8 
Oldsmobile 6,622 9,200 14,769 | — 55.1 4.65 5.39 | 26,171 | 38,409 | — 32.0 
Chrysler 3,827 5,477 6,403 | — 40.3 2.69 2.34 15,902 | 18,487 | — 13.8 
Packard 3,408 4,976 6,446 | — 47.0 2.39 2.35 | 13,972 20,613 | — 32.2 
Hudson 2,845 4,196 8,350 | — 66.0 2.00 3.05 | 11,875 | 24,889 | — 52.4 
De Soto 2,796 3,887 | 4,971 | — 43.6 1.96 1.82 | 11,762 13,925 | — 15.7 
Studebaker 2,649 3,429 4,836  — 45.1 1.86 1.77 10,108 16, — 39.8 
Nash... 2,624 3,361 4,222 | — 38.0 1.84 1.54 9,233 | 11,874| — 22.2 
Lincoln 1,712 1,988 1,737 | — 1.3 1.20 -63 5,104 5,420 — 6.0 
Willys 1,351 1,911 2,538 | — 46.8 -95 .93 5,715 4,214 | + 35.8 
La Salle . 1,062! 1,481 2,195 | — 51.0 75 80 4,431 6,601 | — 32.9 
Cadillac 792 628 1,137 | — 30.3 56 -42 2,031 3,450 | — 41.1 
Graham 532 772 949 | — 43.9 oT .35 1,865 3,426 | — 45.5 
Hupmobile 81 105 .06 306 22 ; 
Pierce-Arrow 5 9 37 | — 86.5 01 19 137 | — 86.3 
Miscellaneous 105 147 401 | — 73.8 .08 .14 410 2,252 | — 82.0 
Total 142,324 | 174,820 | 273,827 | — 48.0 | 100.00 | 100.00 | 507,329 | 811,039 | — 37.5 
Chrysler Corp. 31,474 | 42,159 | 75,349 | — 58.2 22.11 27.52 | 125,780 | 224,751 | — 43.0 
Ford and Lincoln 37,007 | 32,709 67,210 | — 44.9 26.00 24.54 | 86,191 | 159,624 | — 46.0 
General Motors 60,243 1,046 | 103,489 | — 41.8 42.33 37.80 | 241,855 | 342,465 — 29.4 
All Others 13,600 | 18,906 27,779 | — 51.0 9.56 10.14 | 53,503 | 84,199 | — 36.5 





* Does not include returns of Wisconsin. 


stewards representing Fisher Body 
plants, as well as West Side GM 
plants, held a protest meeting last 
week condemning the new grievance 
machinery set up by the revised 
agreement, and labeling Homer Mar- 
tin as a dictator for signing it with- 
out submitting it to the rank and file. 

Protests against the agreement are 
said to be responsible for slow-down 
strikes in the Fisher Body No. 1 
plant in Flint this week, where the 
plant was shut down an hour early 
on March 15 because of the tactics 
adopted by objectors to the action 
taken by their leaders. Another bit 
of internal dissension was disclosed 
when the Chevrolet gear and axle 
plant in Detroit was picketed in pro- 
test against foremen working four 
days against two days for workers. 
There had been no interruptions to 


production, as the plant was not 
working when picketed. 
Walter Reuther, leader of the 


unity of anti-Martin faction in the 
union, was reelected president of the 
West Side local in Detroit along with 
three other candidates for offices on 
the unity slate, in an election which 
was completed on March 13. Martin 
supporters in turn were elected to all 
offices in the Budd Wheel and Motor 
Products locals. 


Pierce-Arrow Tools Valued 
at $200.090 to be Auctioned 


An auction sale of certain easily 
replaceable standard tools of the 
Pierce-Arrow Motor Corp., Buffalo, 
N. Y., has been scheduled for March 
22 following an order approving the 


All data are on a comparable basis. 


move by Judge John Knight in Fed- 
eral Court. The tools to be sold are 
carried on the company’s books at 
$200,000. 

Notices of the auction were sent 
to approximately 6500 potential pur- 
chasers throughout the country. The 
order approving the auction was 
given in response to an application 
by Alfred M. Saperston, attorney 
representing Walter E. Schott of 
Cincinnati who holds a claim of 
$200,000 secured by the Pierce- 
Arrow parts department. 


Detroit SAE Discusses Two 
Engine Developments 


Most spirited and probably best 
attended technical session held this 
year by the Detroit Section of the 
Society of Automotive Engineers 
was the two-paper engine session 
this week, with Tore Franzen of 
Chrysler in the chair. Interest arose 
from the fact that discussion cen- 
tered about two striking develop- 
ments in engine construction this 
year: the Cadillac V-16 and the Herr- 
mann barrel engine. 

C. V. Crockett, engineering depart- 
ment secretary, Cadillac Motor Car 
Co., presented the story of the new 
V-16, stressing the philosophy behind 
its development rather than the de- 
tails of construction. Complete tech- 
nical details were published in AuUTo- 
MOTIVE INDUSTRIES, Nov. 27, 1937. 

K. L. Herrmann gave a most im- 
pressive account of the development 
of the barrel engine interlarded with 
frank comment on the results of 
early experimental history. 
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Gear Finisher 
. . . Both sides of herringbone 
gear finished simultaneously on 
new Michigan machine 
Finishing of extremely large as 
well as small gears, or two gears 
simultaneously, as on a cluster, can 
be accomplished with the new model 
Duplex gear finisher recently an- 
nounced by the Michigan Tool Co., 





Michigan Duplex gear finisher 


Detroit. With the new Duplex, also, 
both sides of a herringbone gear 
may be finished simultaneously. 

The two independent rotary cut- 
ters are universally adjustable. Two 
hand wheels provide independent 
adjustment as to height, two provide 
independent lateral settings to con- 
trol size, while individual worm and 
wheel adjustments are provided for 
setting ameunt of crossed axis de- 
sired with each cutter. Further, 
each cutter head is provided with a 
sine-bar setting for adjusting to cor- 
rect lead in each case. 

Work is mounted with axis ver- 
tical, between centers, and the work 
is fed away from the operator, pass- 
ing between the two crossed-axis 
cutters. The latter are pre-set to 
correct center-distance for finishing 
the gears to exact size. At the end 
of the stroke the feed reverses, re- 
turning the work through the cutters 
to the starting position. The ma- 
chine then stops automatically for 
re-loading. The entire cycle is auto- 
matic, and controlled with a push- 
button. 

Rate of feed of the work through 
the cutters as well as number of 
revolutions per minute of the work 
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and cutters, are adjustable by means 
of change gears to suit the particu- 
lar requirements. Both cutters may 
be used for finishing the same gear, 
if desired, thereby providing faster 
finishing of individual gears. 


Steering Knuckle Arms 
. . . Bradford machine simul- 
taneously handles both right 
and left hand arms 
For machining automobile steer- 
ing knuckle arms used in “knee ac- 
tion” or independent front wheel 
suspension type mountings, the 





Bradford 
chining automobile steering 
knuckle arms 


equipment for ma- 


Bradford Machine Tool Co., Cincin- 
nati, has developed a new machine. 
its principal feature is that it simul- 
taneously handles both right and left 
hand arms, producing alternately 
rights and lefts. 

The equipment is principally of 
welded steel construction and con- 
sists essentially of a large box type 
base with built-in coolant reservoir, 
supporting six Bradford automatic 
drilling units grouped about a six 
station horizontal index fixture hold- 
ing 12 parts or, a right and left hand 
part at each station. 

The four horizontal units drill at 
three stations and ream at the final 
station, while the vertical operations 
are handled by two units, the larger 


one having three spind.es and driil- 
ing at two stations and counterbor- 
ing at the third, with the smaller 
single spindle vertical unit tapping 
by use of a reversing motor. 


Detecting Defects 

The Bristol Aeroplane Co., Bristol, 
England, in collaboration with th« 
Metropolitan-Vickers Electrical Co. 
Manchester, has developed improve: 
apparatus for the detection of small 
cracks in airplane-engine paris. It 
combines the principles of the Mag 
naflux and the Electroflux methods, 
in both of which the part to be in- 
spected is coated with a liquid hold 
ing finely divided iron in suspension. 
In the Magnaflux method the part to 
be inspected is placed between the 
poles of a strong electro-magnet, in 
such a way that the magnetic flux 
passes through it longitudinally. If 
there are any transverse cracks in 
the part, they will be shown up plain- 
ly by the iron particles collecting 
along its edges. In the Electrofiux 
method a strong current is sent 
through the part under inspection, 
und the resulting magnetic field, 
which is in planes normal to the axis 
of the part, shows up any cracks in 
the longitudinal direction. 

In the apparatus referred to, the 
nart to be inspected is first gripped 
between two hinged pole pieces of 
an electro-magnet, and a switch is 
closed to send continuous current 
through a coil surrounding a magnet 
core. In this way the part is strongly 
magnetized in the longitudinal direc- 
tion. Next the continuous current is 
switched off and the pole pieces, still 
holding the part, are turned down- 
ward so as to plunge the latter into 
a tank containing the liquid holding 
the finely divided iron in suspension. 
The switch is then thrown to send a 
heavy alternating current through 
the part for a few seconds, thus tem- 
porarily superimposing a transverse 
magnetic field on the remanent lon- 
gitudinal field. The part is then re- 
moved for visual inspection, and any 
cracks in it are rendered visible by 
adhering iron particles. The part is 
later demagnetized by being passed 
through the field of a separate alter- 
nating magnetic field.—Engineering. 
Feb. 25. 


Cadillac 60 Pulling 


Interest in the new Cadillac Sixty 
and Sixty Special is credited by Gen- 
eral Sales Manager D. E. Ahrens for 
an unusual increase in the number ot 
Cadillac-LaSalle retail outlets, par- 
ticularly in smaller communities. 


Automotive Industries 











Super-Highway 


Project Bumps Into Conflict 
of Committees 


Senator Bulkley’s proposed $8,- 
000,000,000 super-highway construc- 
tion program, embodied in a bill 
which has reportedly been the sub- 
ject of serious White House con- 
sideration, has been stymied as a 
result of opposing committee claims 
over its jurisdiction. 

The Senate Banking and Currency 
Committee, to which it was referred 
after its introduction, held a one-day 
public hearing and heard Thomas H. 
MacDonald, Public Roads Bureau 
chief, testify that super-highways 
were needed to some extent but that 
experience with toll roads in Euro- 
pean countries indicated that con- 
siderable thought ought to be given 
such a move before definitely em- 
barking on an extensive program. 
He said, however, that the unhappy 
experience in Europe did not neces- 
sarily mean that the results would be 
the same in this country. 

Senator McKellar, Democrat, of 
Tennessee, and chairman of the Sen- 
ate Post Office and Post Roads Com- 
mittee, successfully moved to have 
the bill put under his wing, putting 
an abrupt end to the public hearings. 
But Senator Truman, Democrat, of 
Missouri, has put in a counter-claim 
to switch jurisdiction back to the 
Banking and Currency Committee. 


McKellar’s Substitute 


Meanwhile, McKellar had his own 
ideas about what should be done in 
the direction of superhighways and 
accordingly introduced a bill provid- 
ing for “a test highway” to be con- 
structed between Washington and 
New York. After completion, a plan- 
ning board to be created under the 
measure would then survey the pos- 
sibility of building three east-west 
and three north-south transconti- 
nental highways. Adherents of the 
Bulkley bill claimed that McKellar’s 
move was designed to kill the $8,000,- 
000,000 program conceived by the 
Ohioan. 

The biggest shot in the arm for 
the Bulkley proposal came when 
President Roosevelt revealed that 
some serious consideration was being 
given the proposal at his suggestion. 
Specifically, he is seeking to learn 
whether such a program could be 
made feasible by following the 
principle of excess condemnation 
—buying up more land along the 
proposed right-of-way than is actual- 
'y needed for the road proper and 
elling at a profit resulting from the 
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Fuel Consumption of Diesel and 
Hesselman Engines 


Editor, AUTOMOTIVE INDUSTRIES: 

Comparative figures and conclusions in 
Mr. Schreck’s letter, published on page 303 
of AUTOMOTIVE INDUSTRIES, Feb. 26, are ob- 
viously based upon a misconception. In 
fairness to the spark ignition oil engine, the 
following statements should be published: 

1. The specific fuel consumption referred 
to in the Nebraska tests Nos. 285-287 are 
based upon tractor belt hp.; they include 
losses incident to transmission and belt 
drives, fan, radiator, air cleaner, etc. A 
direct comparison with the bare engine 
economy of a Fairbanks Morse Diesel en- 
gine is unfair. Correcting the comparative 
figures given in Mr. Schreck’s letter, and 
assuming for the average spark ignition 
Hesselman oil engine the same meaning for 
the term “full load’’ upon which the Fair- 
banks Morse Diesel figures seem to be based, 
this comparison would look like this: 


Hesselman Spark Ignition 





411 


To prove the correctness of AUTOMOTIVE 
INDUSTRIES’ statement regarding the close 
approach between economies of the two en- 
gine types, let Mr. Schreck compare econ- 
omies of Nebraska’s official tractor tests 
Nos. 285 and 288 and others. He will find 
that the difference of economies in favor of 
the Diesel averages not more than 10%. 


2. Mr. Schreck’s sole criterion of ‘the 
real value of this type engine’ (the Hessel- 
man spark ignition oil engine) seems to 
be its fuel economy. This difference in fuel 
consumption as Shown in the above com- 
parison is no greater than that between a 
precombustion chamber Diesel and a direct 
injection Diesel. In spite of this fact, no- 
body will seriously question ‘‘the real value 
of this type engine’ (the precombustion 
chamber Diesel), which is built at present 
by more manufacturers of medium and high 
speed Diesel engines than the direct injec- 
tion type. 

3. The Hesselman spark ignition oil en- 
gine carries its admitted inferiority of 10% 
with Diesel fuel consumption rather cheer- 
fully. Because it can offset this ‘‘inferior- 
ity’’ with a long list of really important ad- 
vantages over the compression ignition 
engine, an ever increasing number of former 
Diesel users now turn to the spark ignition 
type. 


Max HOFMANN, 
Waukesha Motor Co. 


Fairbanks Morse 


Oil Engine Diesel 
Full load .50lb/hph oor 9%morethan _ .461b/hph 
75% load = “10% “«  « ‘se 
50% load 61 - “10% as 56 a 
25% load _ = “10% “* « 85 





increased valuation after the road’s 
completion. 

Aside from benefits accruing to 
tourists and to the automobile in- 
dustry generally, proponents point to 
the proposal as a way out of the 
current unemployment problems and 
a much-needed method of improving 
national defense transportation facil- 
ities. Some sources regard the lat- 
ter point as likely to give the pro- 
gram considerable impetus. 

On the other hand, some Govern- 
ment officials go so far as to charge 
that a superhighway program would 
not be in accord with the program of 
the Administration. M. L. Wilson, 





Calendar of 
Coming Events 


Conventions and Meetings 
SAE National Passenger Car 
Meeting, Detroit, 
March 28-30, 1938 
SAE National Tractor Meeting, 
Milwaukee, Wis.. April 14-15,1938 
Chamber of Commerce Meeting, 
Washington ..... May 2 to 5, 1938 
American Foundrymen’s Asso- 
ciation, Foundry Show, 
Cleveland ....... May 14-19, 1938 
SAE Summer Meeting, White 
Sulphur Springs, W. Va. 
June 12-17 


undersecretary of Agriculture, re- 
cently wrote Senator McKellar that 
the traffic outlets from large cities 
were more needed than transconti- 
nental highways, basing his argu- 
ment on the theory that the Admin- 
istration favors only works projects 
most needed. The Bureau of Public 
Roads, on whose suggestions the let- 
ter was based, recently made identi- 
cal observations in a letter to Sena- 
tor Lonergan, another superhighway 
advocate on Capitol Hill. 

Observers, who at first discounted 
the various superhighway proposals 
as largely political, now concede that 
Presidential interest in the matter 
cannot be swept aside as without 
significance. Some sources have it 
that the whole idea may be adopted 
as a way out of the present business 
recession unless things take a defi- 
nite turn for the better in the next 
60 days. 


Nash Halts Truck Program 


According to George W. Mason, 
president of Nash-Kelvinator Corp., 
plans for building commercial cars 
and trucks at the main automobile 
factory in Kenosha, Wis., have been 
shelved temporarily. Further im- 
provements, largely mechanical, in 
the Seaman Body division at Milwau- 
kee are planned, following comple- 
tion late in 1937 of modernization 
programs at Kenosha and Racine, 
Wis., as well as at the Seaman plant 
in Milwaukee. 
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In order to give readers of AUTOMO- 
TIVE INDUSTRIES a clue to certain mer- 
chandising and service aspects of the 
automotive industry which are nor- 
mally outside the scope of an indus- 
trial publication, we present herewith 
excerpts from the February issues of 
the four other magazines published by 
the Automotive Division of the Chilton 
Co.: Automobile Trade Journal, Com- 
mercial Car Journal, Motor Age,’ and 
Motor World Wholesale. 


From Motor AGE 
“Faced with the 
working the ‘bugs’ from brand new 
engine designs resulting from the 
International Formula of rules, 
the racing fraternity was waiting 
favorable weather conditions for 
the first trial runs on the Indian- 

apolis Speedway. 

“Although drivers have not re- 
leased their definite plans... a 
number of new machines were be- 
ing prepared and others rebuilt to 
conform to the new specifications. 

“Qualification trials, the process 
of selecting the 33 fastest cars to 
make up the field of starters, prob- 
ably will get under way on Satur- 
day, May 14.” 


From 
AUTOMOBILE TRADE JOURNAL 
(From “Off The Record” De- 
partment) “There’s been a lot of 
conversation floating around re- 
cently about the poor used car who 
has reached senility and who ought 
to be retired to pasture for life. 
“. . . We think the idea is 
peachy but, may we ask, who is to 
decide that a car is worn out? ... 
Frankly, the whole thing has us a 
little bit bewildered. . . . The fac- 
tories say that the modern car is 
built to last 100,000 miles. ... And 
the average owner covers 7,500 
miles a year. Making the 
expected life of the average car 
13 1/3 years. ... Here we are try- 
ing to bundle them off to the alms 
house at the tender age of 6 years 
or thereabouts. Maybe somebody’s 
forgotten something.” 


From 


COMMERCIAL CAR JOURNAL 
“A note says that a steam en- 

gine for trucks will shortly be an- 
(Turn to page 422, please) 
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Bearing 


Materials 


The past with its developments 


By P. M. HELDT 


EARINGS and bearing metals 
B for automotive engines have 

passed through several stages 
of evolution. Most of the earliest 
automobile engines built in this 
country had bearings of brass or 
bronze. That the rate of wear of 
(unhardened) crankshaft journals 
running in such bearings was rather 
high was of no great consequence, 
as the life of these early engines was 
quite limited in any case. However, 
when quantity production began, and 
the engines saw real service in the 
hands of users, it soon became evi- 
dent that bronze bearings were not 
suitable for use on crankshafts of 
medium carbon steel, unhardened. 


Case Hardened Journals 


French manufacturers used case- 
hardened journals in combination 
with bronze bushings even before 
the turn of the century. This prac- 
tice probably originated in connec- 
tion with small engines of the motor- 
cycle type, whose crankshafts were 
made up of main journals and crank- 
pins fitted into flywheels enclosed in 
the crankcase. These short spindles 
naturally could be easily case-hard- 
ened. Later the practice was ex- 
tended to multi-throw integral 
crankshafts, and then led to consid- 
erable difficulty, for the high tem- 
perature necessary for carburizing 
would seriously distort the shaft; 
this distortion had to be rectified by 
grinding, and as the case was neces- 
sarily quite thin, there was always 
danger that at some points the whole 
of it would be removed by grinding, 
and a soft spot result. 

Case-hardening of crankshafts did 
not come into use in this country at 
that time. It found limited applica- 
tion here some 20 years later, when 
Mack and Franklin were among firms 
using it. American manufacturers 


early turned to the use of soft bear- 
ing alloys, known as babbitt in this 
country and as white metal in En- 


gland. Sometimes the molten babbitt 
was poured directly into the big ends 
of connecting rods and into the bear- 
ing hubs in the crankcase, into which 
mandrels were inserted; in other 
cases bushings and _ half-bushings 
were die cast of babbitt and fitted 
into the machined big-ends and bear- 
ing saddles. However, the die-cast, 
all-babbitt bearing did not survive 
for long, because it had insufficient 
strength. The writer had some per- 
sonal experience with such bearings 
in a four-cylinder engine with only 
two main bearings and, therefore, 
four throws between supports. Evi- 
dently the crankshaft flexed a good 
deal, for the flanges of the connect- 
ing-rod bearings would constantly 
break off and collect at the bottom 
of the crankcase. Unsatisfactory ex- 
perience with die-cast babbitt bear- 
ings led to the development of 
composite bearings comprising 
bronze backs or shells lined with bab- 
bitt, which were fitted into the big 
ends of the rods and into the bear- 
ing saddles and caps of the crank- 
case. These bearing bushings had 
considerable wall thickness, 1% in. 
being the practical minimum. 
About 1920, when engine speeds 
had attained about one-half the 
values they have now, the centrif- 
ugal force on the big end, or, rather 
the bearing loads resulting there- 
from, began to worry engineers, and 
the practice of “spinning” or centrif- 
ugal-casting of babbitt directly into 
the big ends then took root. The 
combination of main bearings of the 
(heavy) bronze-back, babbitt-lined 
type and babbitt spun directly into 
the big ends of the connecting rods 
he'd the field for a good many years. 


Practice Unsettled Since 1930 


Since about 1930 the situation 
with respect to form and material of 
engine bearings has been quite un- 
settled. A number of factors con- 
tributed to this upheaval. In the 
first place, engine speeds continued 
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—The present with its newest methods 


their upward trend, and 
bearing loads, therefore, increased 
all the time. Not only were engines 
capable of higher maximum speeds, 
but owing to the improvement in 
roads they were operated at near 
their maximum speeds a greater 
part of the time. Continued high- 
speed operation resulted in very high 
crankcase temperatures, and this re- 
sulted in much trouble from bearing 
failure. The first remedial measure 
resorted to by engineers was the 
adoption of oil coolers, for it was 
felt that if the oil could be kept at 
moderate temperature, it would re- 
tain sufficient body to prevent metal- 
to-metal contact and thus prevent in- 
jury to the bearings. Later the 
problem was attacked from the bear- 
ing-material angle, and since then a 


MW: 
te 


specific 


number of new bearing alloys have 
been brought forward. Most of these 
have decidedly higher load capacities 
than the conventional babbitt, but 
unfortunately they do not always 
possess the other essentials of a good 
bearing metal, among the more im- 
portant of which are ease of proc- 
essing and resistance to corrosion 
under the conditions to which bear- 
ings are exposed in engine operation. 

The latest development in bearing 
technique has been the introduction 
of precision bearings. These are very 
thin and result in a saving on the 
amount of material required, and 
they are made to such close toler- 
ances that they can be replaced with- 
cut fitting and scraping. All of the 
new bearing materials can be used 
as linings for these precision bear- 


LL 





It has been a long time since any comprehen- 


sive study of bearing metals, used in the 


automotive industry, has been written. 


In this monthly article on Automotive Mate- 


rials the development of bearings and bearing 


materials has been treated from the earliest 


to the very latest with all of the steps of 


progress between. 


Automotive Industries 





413 


BRONZE 


BABBITT 


POURED CENTRIFUGALLY CAST 


LEAD BASE 


SATCO 


COPPER-LEAD 


FORD PROCESS 


CADMIUM 


_CADMIUM-NICKEL SILVER-COPPER 
ZINC 


INDIUM 


ings. Since the introduction of pre- 
cision bearings, steel backs have 
largely replaced the former bronze 
backs, which is due in part to the 
fact that some of the newer lining 
alloys do not bond well with bronze. 
Even tin-base babbitt forms a better, 
less brittle bond with steel than with 
bronze. 

The term babbitt, as used in the 
industry, is a somewhat indefinite 
one. It has been generally assumed 
that the name was applied in the first 
place to a special composition of 
bearing alloy invented and patented 
by Isaac Babbitt. However, a search 
of the patent literature shows that 
Babbitt did not patent an alloy at 
all; what he patented was a bearing 
construction consisting in lining a 
shell of hard metal with a soft alloy. 
Babbitt’s patent, which, by the way, 
was one of the first issued by the 
U. S. Government under the present 
patent system, gave the composition 
of the alloy he preferred for the 
lining, but he did not claim exclusive 
rights to this composition, which he 
called Britannia metal or pewter. 
Babbitt’s preferred composition was 
50 parts tin, five parts antimony, and 
one part copper. The chief compo- 
nent therefore was tin. Unfortu- 
nately, tin is a rather expensive 
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metal; or perhaps it would be more 
accurate to say, it is sometimes very 
expensive, as its price has been sub- 
ject to great fluctuations. From the 
American standpoint, moreover, it is 
open to the objection that it is not 
produced in this country, but must 
be imported, the present principal 
source being the Straits, Settle- 
ments. Bearing alloys are widely 
used throughout industry, and that 
the source of the principal con- 
stituent of these alloys should be 
under foreign control and at a long 
distance from our shores has been a 
source of some concern to our mili- 
tary authorities. Accordingly, the 
U. S. Army sponsored a research 
project on copper-lead bearing alloys 
carried out at the National Bureau 
of Standards about a decade ago, 
and recently there have been reports 
of negotiations under way with the 
Government of Bolivia looking -to- 
ward the development of the tin ore 
deposits of that country by American 
interests. 

It is noteworthy that all bearing 
materials that permit of high spe- 
cific loads and high rubbing speeds 
are alloys. Pure or unalloyed metals 
are not satisfactory for the purpose, 
nor are alloys in which all of one 
of the alloyed elements is in solid 
solution in the other so that the 
whole structure is homogeneous in 
character. It has long been held that 
what is required in a satisfactory 
bearing alloy is a composite struc- 
ture composed of hard crystals which 
are embedded in a matrix of soft 
material. The hard crystals (which, 
of course, must not be so hard as 
to score the shaft) are necessary to 


BEARING MATERIALS 


carry the load, while the soft matrix 
is needed because the bearing must 
be able to deform plastically without 
injury under the stresses of the load 
upon it. The requirements therefore 
are not unlike those which have to 
be met by modern high-speed cut- 
ting alloys. The hard carbides do 
the cutting, but their hardness is 
associated with such brittleness that 
by themselves they could not with- 
stand the shocks to which a cutting 
tool is exposed. They are, therefore, 
embedded in a matrix of elastic ma- 
terial that will successfully with- 
stand the shock and leave the carbide 
crystals free to do the cutting. 

In the automobile engine we have 
three principal classes of bearings 
which differ widely with respect to 
loads and rubbing speeds. First of 
all we have the piston-pin bearing. 
This must be made small because 
there is not much room inside the 
piston, hence the specific load on it 
must, of necessity, be high. Two 
fortunate circumstances make it easy 
to provide a bearing of the requisite 
capacity. The journal or pin on 
which this bearing turns (or which 
turns in the bearing) is a very 
simple element that can readily be 
case-hardened, and with a case-hard- 
ened pin it is permissible to use a 
relatively hard bearing alloy with- 
cut fear of undue wear. The alloys 
used for these “upper-end” bushings 
range from red brass, corresponding 
to S.A.E. Specification No. 40 (aver- 
age of 85 copper and 5 each of tin, 
lead and zinc), to the bearing bronze 
corresponding to Specification No. 
660, which contains less zine and 
more tin and lead. The second for- 


Table I 


tunate circumstance is that the rub- 
bing motion between the piston pin 
and its bearing is very much smaller 
than that between the crankshaft 
and its bearings. With the propor- 
tions used in modern automobile 
engines the mean rubbing velocity 
at the piston-pin bearing is only 
about 5 per cent that at the main 
bearings. The conditions, moreover, 
differ from those of the main and 
crankpin bearings in that instead 
of traveling completely around the 
bearing during one crankshaft rev- 
olution, the load is always along 
the same line if the bearing is in the 
connecting rod, and rocks through 
an angle of only about 28 deg. if 
the bearings are in the piston, al- 
though it reverses its direction twice 
per revolution. Formerly these bear- 
ings often did not give the life de- 
sired, but since pressure lubrication 
to the piston pin bearing has be- 
come the predominant practice, there 
seems to be nothing to complain of 
on that score. Hence, brass and 
bronze will undoubtedly continue to 
meet the demand for piston-pin bear- 
ings satisfactorily, for spark-igni- 
tion or moderate-compression en- 
gines at least. 

Mention should be made in this 
connection of a research project on 
bearing bronzes carried out under 
the sponsorship of the Bunting Brass 
& Bronze Co. at the National Bureau 
of Standards during the late twen- 
ties, which added considerably to 
knowledge on the subject. 

From the original babbitt, which, 
as mentioned in the foregoing, was 
a tin-base alloy containing small 
amounts of copper and antimony, 


S. A. E. Bearing Alloy Specifications 


Specifi- (Cast Products) 
cation Iron Arsenic Bismuth 
Number Tin Copper Antimony Lead (max.) (max.) (max.) 
10 90 min. 4to5 4to5 0.35 max. 0.08 0.10 0.08 
11 86 min. 5 to 6.50 6 to 7.50 0.35 max. 0.08 0.10 0.08 
12 59.50 min. 2.25 to 3.75 9.50 to 11.50 26.00 max. 0.08 rs 0.08 
13 4.50 to 5.50 0.50 max. 9.25 to 10.75 86 max. ee 0.20 ea 
14 9.25 to 10.75 0.50 14 to 16 76 max. ihn 0.20 


None of the alloys must contain any zine or aluminum. 
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Table II 
Melting Points of Metals Used in Bearing Alloys 


(Degs. Fahr.) 


Sodium 207 Indium 311 Lithium 367 
Tin 449 Bismuth 520 Cadmium 610 
Lead 621 Antimony 1,167 Calcium 1,490 
Silver 1,761 Copper 1,981 Nickel 2,651 





there was a gradual transition to 
bearing alloys containing lead in 
smaller or larger proportion, even in 
pre-automobile days. Axle bearings 
formed an important problem for 
railroad engineers, because of the 
delay and inconvenience to passen- 
gers caused by “hot boxes.” Leaded 
bronze alloys were generally used for 
“axle boxes,” and a composition of 
80 copper, 10 tin and 10 lead was 
the standard for many years. One 
of the earliest comprehensive re- 
search projects on bearing metals 
was carried through under the di- 
rection of C. B. Dudley, metallurgist 
of the Pennsylvania R.R. Consequent 
upon this investigation the lead con- 
tent of railroad-bearing alloys was 
increased to 15 per cent and the tin 
content reduced to 8 per cent, with 
favorable results from the stand- 
points of both frictional loss and life 
of bearings. Dudley stopped at 15 
per cent lead content because he 
found it impossible to get a greater 
proportion of lead to alloy with the 
copper. This problem was later 
solved satisfactorily, mainly through 
advances in theoretical non-ferrous 
metallurgy. 

The requirements which must be 
met by a bearing alloy for automo- 
tive main and connecting rod bear- 
ings have been well summarized by 
C. F. Smart, metallurgist of Pontiac 
Division of General Motors Corp. as 
follows: — 

1. It must have low frictional 
characteristics in contact with shaft 
materials. 

2. It must be free from any ten- 
dency to abrade, gall or seize the 
shaft with which it contacts. 

3. It must retain sufficient 
strength and toughness throughout 
the operating temperature range 
(from below zero to 300 deg. Fahr. 
and higher) to satisfactorily carry 
the imposed loads and deflections, 
without excessive plastic flow, crack- 
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ing, or unduly early fatigue failure. 

4. It must have capacity to bury 
abrasive particles, metallic or non- 
metallic, which may contaminate the 
lubricating fluid and pass between 
bearing and shaft. 

5. It must have resistance to cor- 
rosion by lubricating oils, or prod- 
ucts which may be developed in these 
by use. 

6. It must possess the ability to be 
practically manufactured into close- 
tolerance bearings, involving such 
considerations as the temperature 
required for casting, formability in 
dies, ability to be strongly bonded 
to backing materials, suitable ma- 
chining properties and cost. 


Babbitts 
Today “babbitts,” or white metals, 
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are available with both a tin base 
and a lead base. Five such metals 
have been. standardized by the 
S.A.E., three with a tin base and two 
with a lead base. Specifications of 
these five grades are given in Table 
1. The tin-base alloys are used for 
main and connecting-rod bearings of 
high-speed and heavy-duty engines, 
the No. 11 being especially popular. 
The advantage of lead-base alloys is 
that their cost is low; they lend 
themselves to die-casting and can be 
used to advantage where bearing 
loads are moderate. 

A bearing metal must be capable 
of a good bond with the shell or sup- 
port. It is, however, not necessary 
that the alloy should bond well to 
steel or bronze directly, and it is, in 
fact, current practice to first “tin” 
the shell by applying a coating 
(usually by dipping) of some bond- 
ing material to which the bearing 
metal will adhere better than to the 
steel. The bearing alloy must main- 
tain its strength and hardness well 
up to the maximum temperatures 
which it is likely to reach in ser- 
vice. It was the failure of the con- 
ventional babbitts to meet this re- 
quirement satisfactorily that led to 
the search for new bearing materials 
that began about 1930 and is still 
continuing. Some light is thrown on 
this point by the accompanying 
graph, Fig. 1, which is reproduced 
from an A.P.I. paper by H. C. 
Mougey, chief chemist of G.M. Re- 
search Laboratories. It shows the de- 
crease in the tensile strength of four 
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Fig. 1—Loss of tensile strength of babbitts with increase in 
temperature (Mougey) 
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of the S.A.E. white metals with in- 
crease in temperature. It will be seen 
that of the tin-base alloys (Nos. 10, 
11, and 12), the No. 11 maintains its 
tensile strength best at high tem- 
peratures, which is probably the rea- 
son it enjoys the greatest popularity 
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Fig. 2—Microphotograph 
of typical tin-base babbitt 
(Cleveland Graphite 
Bronze Co.) 
100. 


Magnification, Compo- 


sition: Cadmium, 7.50; cop- 
per, 3.50; tellurium, 0.12; 
balance, tin. maximum iron, 
0.05; maximum arsenic, 0.1. 


seems to be limited to engines of low 
speed and low specific output. A. B. 
Willi, chief engineer of the Federal- 
Mogul Corp., in a recent article 
stated that the camshaft bearings of 
14 current engine models are made 
of a certain high-lead babbitt. He 





It should perhaps be pointed out 
that while in this article the em- 
phasis is laid on the newer bearing 
alloys that have been brought for- 
ward as possible substitutes for 
tin-base babbitt, these latter alloys 
are still being used in by far the 
greatest. quantities, and will no 
doubt continue as the leading bear- 
ing materials for some years to 
come. This same thought was 
voiced in a letter to the writer by 
Albert B. Willi, chief engineer of 
the Federal-Mogul Corp., who 
wrote: “It seems to me that the 
most practical benefits for the im- 
mediate and not-too-distant future 
will come about, not from the in- 
troduction of new and different 
bearing materials, but from. the 
proper and intelligent utilization of 





those which we already have. In 
other words, if we lay too much 
stress now on the properties and 
qualities of bearings which are still 
in the embryonic state and may or 
may not prove out—all concerned 
may get so interested in these 
things of the future that they may 
pass up the possibilities of the 
present.”’ 

A word of caution of this kind 
appears entirely apropos to the 
writer. Not much is said in this 
article about the standard babbitts, 
because they have been in use so 
long and their properties are so 
well known, and the fact that the 
discussion is confined largely to the 
newer alloys might give the unin- 
itiated the idea that these alloys 
already dominate the field, which 
is not the case. 








of the various compositions for auto- 
motive purposes. The rapid loss of 
strength of these alloys at compara- 
tively moderate temperature is, of 
course, bound up with the low melt- 
ing point of their base metal, tin. 
Melting points of the various metals 
used in bearing alloys are given in 
Table II. A microphotograph of a 
standard tin-base babbitt is shown 
in Fig. 2. 


Lead-Base Alloys 


Just what is the status in the auto- 
motive industry of the ‘“‘lead-base”’ 
babbitts standardized by the S.A.E. 
is hard to determine. They seem to 
be used to a considerable extent for 
camshaft bearings, but their use for 
main and connecting-rod bearings 
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Fig. 3 — Micro-photo- 

graph of lead-base bab- 

bitt (Cleveland Graph- 
ite Bronze Co.) 


Magnification, 500. 
position: Tin, 10; anti- 
mony, 15; copper, 0.5; 
tellurium, 0.07; lead, bal- 
ance; maximum arsenic, 
0.2. 


Com- 


states that this material has not been 
used generally for main and connect- 
ing-rod bearings, but that experi- 
mental work in various types of 
engines is pending. It appears that 
the reason for the hesitation of en- 
gine builders to adopt lead-base ‘al- 
loys for main bearings is not inade- 
quate load capacity, as these alloys 
are coming into use in the engine: 
of Diesel railroad engines, where the 
loading conditions must be fully as 
severe as in automobile engines; but 
rather the fear that trouble will be 
caused by corrosion due to the pres- 
ence of organic acids. 

A lead-base bearing metal not in 
the babbitt class, known under the 
trade name “Satco metal,” was pat- 
ented and introduced on the market 
some years ago by the National Lead 
Company. It is somewhat related to 
an alloy known as Bahnmetall (Rail- 
road Metal) which has been used by 
the German railroads since the war 
and which consists of 97-98 per cent 
lead, together with 0.5 per cent each 
of sodium and calcium, acting as 
hardeners, and small amounts of 
other elements. Satco contains 97.5 
per cent of lead, which is hardened 
by other metals, including calcium 
and tin. In this country it has been 
used mainly outside the automotive 
industry, particularly in the railroad 
field, but in England it seems to have 
been applied in automotive service, 
for several appreciative notices of it 
have appeared in the British auto- 
mobile press. 

Undoubtedly one of the severest 
services to which a bearing metal can 
be put in the internal-combustion-en- 
gine field is in the bearings of rail- 
road Diesel engines, and the writer 
is informed that Satco bearing metal 
is being used in the Diesel engines of 
streamlined trains on the Union 
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Pacific, Burlington, Boston & Maine, 
and New Haven railroads. The first 
tests of Satco-lined connecting rod 
bearings were made in 1933 on gas- 
electric cars of a western railroad. 
With the tin-base babbitt and lead- 
bronze linings previously used, the 
best mileages that could be obtained 
were 40,000 and 20,000-30,000 miles, 
respectively. Bearings failed by 
cracking of the lining or scoring of 
the shaft. Satco connecting-rod 
bearings of these engines are now 
expected to show a life of 90,000 
miles. 

A brief outline of the history of 
hardened-lead bearing alloys may be 
of interest in this connection. Dur- 
ing the early part of the war, when 


BEARING MATERIALS 


Fig. 4— Bearing 
shell lined with 
Satco metal. Lin- 
ing partly chisel- 
ed away to show 
its adherence to 


shell 


Table Il 
Hardness and Tensile Strength of Satco Metals 


Brinell Hardness 


Tensile Tests on 0.505-in. Gast Bars 


Temp. (250-kg. load, Ultimate Strength Elongation 
Deg. Fahr. 10-mm. ball) Lb. per Sq. In. Per Cent 

78 21.5 11,070 5.8 
149 19.2 9,210 7.3 
212 17.0 7,380 7.3 
302 11.0 4,890 13.1 
256 9.0 wnme ee 
392 ie 2,820 16.9 


shrapnel balls of antimonial lead 
were being made in enormous quan- 
tities, a shortage of antimony de- 
veloped, and a substitute for it was 
sought. Francis C. Frary and S. N. 
Temple secured patents covering al- 
loys of lead with barium and cal- 
cium, and great tonnages of this 
alloy were made by the United Lead 
Co. at Keokuck, Iowa. The process 
used was the slow electrolysis of a 
molten mixture of chlorides on a pot 
of molten lead. 

While an attempt was made to 
market the lead-calcium-barium al- 
loys as superior bearing metals fol- 
lowing the war, the time for their 
commercial acceptance was not yet 
ripe. At the present time an alloy 
of this type, with as little as 0.03 
per cent of calcium, is being used as 
a cable sheathing, it having been 
found that when this alloy is prop- 
erly aged, it is superior in every way 
to the formerly used 1 per cent anti- 
monial lead. However, its age-hard- 
ening characteristics are of no use 
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in a bearing metal, as at bearing- 
operating temperatures the harden- 
ing constituents agglomerate. 
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Satco metal, as already mentioned, 
is a 1 per cent tin-lead alloy, hard- 
ened with considerable calcium. The 
structure, as revealed by polishing, 
consists of a network of lead-calcium 
(Pb,Ca) compound dispersed 
through a ground mass of tin and 
calcium in solid solution in lead. 
Hardness, tensile strength and loads 
required to produce definite deforma- 
tion at various temperatures are 
given in Tables III and IV. 

Since the initial melting point of 
this alloy is approximately 100 deg. 
Fahr. higher than that of conven- 
tional tin and lead-base babbitts, 
there naturally is less probability of 
the metal melting and running out 
if the bearing is overheated. It is 
claimed for Satco metal that at 400 
deg. Fahr. (a temperature which may 





Fig. 5—Satco-lined shell bent through 180 deg. Lining chis- 
eled out to show adherence to backing 
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Table IV 


Compressive Strength of Satco Metal 


Specimens 0.5 in. diameter by 1 in. High 
Rate of Compression, 0.04 in. per min. 


Stress (Lb. per Sq. In.) at Indicated Deformation 


Temp. 
Deg. Fahr. lpercent 2percent 4percent 6percent S8percent 10 per cent 
78 10,850 12,150 13,100 13,700 
149 9,700 10,400 10,850 11,200 
212 7,000 7,400 7,650 7,900 
302 4,950 5,350 5,650 5,850 
392 3,280 3,420 3,520 3,590 


be reached in engine bearings), it 
still retains adequate hardness and 
strength to function as a bearing; 
that its elongation, while not high, 
indicates the capacity of the metal 
to conform to the shaft, and that, 
owing to its considerably greater 
strength at elevated temperatures, as 
compared with babbitts, it would not 
be squeezed out under moderately 
heavy loads. Compressive tests in 
which the deformation was carried 
to 25 per cent are said to have shown 
no cracking of the metal. It has been 
demonstrated that the thinner the 
lining of bearing metal, the greater 
is its resistance to compression, and 
it is pointed out in this connection 
that as bearing linings in use today 
are quite thin, some measuring only 
a few hundredths inch in thickness, 
the stress required to deform the 
bearing lining would be considerably 
greater than that shown in Table IV, 
which applies to specimens of com- 
paratively large size. 


Copper-Lead Alloys 


Where bearing loads are very high 
and the service is severe, bearings 
of copper-lead alloy have been found 
very satisfactory, and such bearings 
are now widely used in aircraft and 
high-speed Diesel engines. Their use 
in automobile engines is still limited. 
These alloys are a development of 
what has long been known as high- 
leaded bronze, a typical composition 
of which is 70 parts copper, 5 tin 
and 25 lead. By eliminating the tin, 
the alloy is made softer, and the wear 
of the shaft is reduced. Copper-lead 
alloys with as much as 50 per cent 
lead have been used for bearing pur- 
poses, but such alloys are very diffi- 
cult to produce, owing to the fact 
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that lead is not soluble in copper at 
low temperatures to any degree, and 
as the alloy cools the lead tends to 
segregate. This tendency is the 
stronger the greater the proportion 
of lead in the alloy. Alloys of high 
lead content are softer and easier on 
the shaft, but their load capacity is 
not as great as that of the low-lead 
alloys. It is generally agreed that 
with alloys of less than 30 per cent 
lead it is necessary to use hardened 
shafts in order to keep down shaft 
wear. W. S. Sparrow of the Stude- 
baker Corp. (which firm uses copper- 
lead connecting-rod bearings) men- 
tions 45 per cent lead, 2 per cent 
nickel and the remainder copper as a 
typical composition. The National 
Bureau of Standards, which did some 
experimental and developmental 
work on copper-lead bearing alloys 
at the instigation of the War De- 
partment, apparently obtained opti- 
mum results from a composition con- 
taining 35 per cent lead and 1.5 per 
cent silicon and zirconium. Ford 
Motor Co., which uses copper-lead 
alloy in floating connecting-rod bear- 
ings of V engines, is understood to 
use 30 per cent lead. 

Owing to the tendency of the lead 
to segregate on cooling, the manufac- 
ture of copper-lead bearings involves 
considerable difficulty. If any ap- 
preciable segregation occurs, the 
load-carrying capacity of the bear- 
ing is seriously impaired and failure 
is likely to occur. For instance, the 
National Bureau of Standards had 
some main and connecting-rod bear- 
ings produced by a bearing manu- 
facturer from an alloy developed by 
it, and in tests made on them, some 
of the connecting-rod bearings failed 
due to segregation in streaks per- 


14,150 14,550 
11,500 11,700 
8,100 8,300 
6,000 6,150 
3,620 3,650 


pendicular to the bearing surface all 
across the width of the bearing. 
Micrographic examination showed a 
quite different structure in the con- 
necting-rod bearings from that of 
the main bearings, although the 
latter were made of the same alloy. 
The segregation was believed to be 
due to a difference in the manufac- 
turing processes used in the produc- 
tion of the main and connecting-rod 
bearings, respectively. To prevent 
segregation, the bearings must be 
cooled rapidly after they have been 
cast or lined. Metal molds and chills 
are widely used in the production of 
copper-lead bearings, and in one case 
at least the bearings are chilled in 
dry ice. Another method of prevent- 
ing segregation or of helping to dif- 
fuse the lead throughout the copper 
consists in the addition of small 
amounts of other elements. A specifi- 
cation of the British Air Ministry 
calls for the addition of tin up to 
1.2 per cent. Some American manu- 
facturers are said to use as high as 
6 per cent tin, so that the alloy 
corresponds to the old “high-leaded” 
bronze. Others use tin in smaller 
amounts or, alternately, small 
amounts of certain other elements, 
including sulfur, antimony, silicon 
and zirconium, the last two in com- 
bination. Success with copper-lead 
bearings apparently is greatly depen- 
dent on the technique employed in 
their production. The various manu- 
facturers have developed processes 
of their own, but comparatively little 
is known about these processes out- 
side the plants in which they are 
worked. 

Copper-lead bearings can be made 
in any of the conventional bearing 
forms; that is, they can be die-cast, 
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or the alloy may be “spun” either 
directly into connecting-rod heads 
or, alternately, into bearing shells. 
In this country the prevailing prac- 
tice is to use backings of low-carbon 
steel, which are coated in a bath of 
molten alloy. A patent covering the 
Ford process of lining both sides of a 
steel backing strip with copper-lead 
alloy, for the connecting-rod bear- 
ings of V engines, was abstracted in 
AUTOMOTIVE INDUSTRIES of Feb. 12. 
It is an advantage of copper-lead 
alloys that they bond well with steel, 
provided the conditions are right. Of 
course, the steel surface to be bonded 
must be clean, which requires that 
the process be carried out in a non- 
oxidizing atmosphere. An atmos- 
phere of either. hydrogen or butane 
will serve the purpose. Besides, every 
precaution must be taken to prevent 
segregation, for if lead segregates at 
the bonding surface, only a very 
weak bond is produced. Segregation 
must be particularly guarded against 
where the bearing alloy is spun into 
the backing, for the reason that lead 
has a materially higher specific 
gravity than copper and if it segre- 
gates it will collect on the bonding 
surface. 

In the Ford process the steel strip 
which is to form the backing is 
drawn through a’graphite die at the 
bottom of the crucible containing the 
molten alloy. The top end of this die 
is in contact with the molten metal 
at 2100 deg. Fahr., while the bot- 
tom end, only a short distance away, 
is surrounded by a water jacket, and 
as the steel strip moves through the 
die continuously, the molten metal 
“freezes” at a rapid rate, which, of 
course, prevents segregation. 

It has been found that with cop- 
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Fig. 7 — Microphoto- 

graph of Clevite (cop- 

per-lead) with 40 per 
cent lead 


Magnification, 100. Com- 
position: Lead, 40; cop- 
per, 60. 


per-leaad bearings considerably 
greater shaft clearances are neces- 
sary than with babbitt bearings. 
This difference may be explained as 
follows: With a babbitt bearing, if 
metallic contact occurs at any point, 
owing to the resulting increase in 
friction and heating, the tin will 
melt locally, and the high spot will 
disappear. Copper has a melting 
point some 1500 deg. Fahr. higher 
than that of tin, and high spots in a 
high-copper bearing, therefore, can- 
not be eliminated in this way at any 
reasonable temperature. When high 
spots and metal-to-metal contact de- 
velop, the rate of wear is greatly in- 
creased, and this must be guarded 
against. With babbitt bearings it is 
usual to specify a clearance on the 
diameter (2 to 2% in. in the case 
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of passenger-car engines) of from 
0.0015 to 0.0020 in. One writer on 
the subject of copper-alloy bearings 
recommends clearances 50 per cent 
greater for these bearings. AC 
Spark Plug Division of General 
Motors Corp., which took over the 
production of copper-lead bearings 
from the Allison Engineering Co., 
recommends a radial clearance of 
0.001 in. per in. of diameter, while 
a well-known British manufacturer 
of commercial vehicle engines speci- 
fies from 0.0045 to 0.0055 in. radial 
clearance. 

The copper-lead lining of bearing 
strip is usually made very thin, of 
the order of 0.025 in. According to 
S. W. Sparrow of the Studebaker 
Corp., it is not advisable to make 
the linings excessively thin, for the 
reason that if any portion of such a 
thin lining should break, it could tip 
sufficiently to bring its edge into con- 
tact with the shaft, causing the sec- 
tion to be ground away rapidly. 

With copper-lead bearings, burn- 
ing out of the bearings is a practical 
impossibility. If a high spot forms 
at any point of the bearing, leading 
to metallic contact and the develop- 
ment of considerable frictional heat, 
it seems that some of the lead melts 
out and the lining material at the 
spot assumes a darker color. In the 
case of an overload on a copper-lead 
bearing the rate of bearing wear is 
increased, but there is little danger 
of sudden failure. Owing to the high 
heat conductivity of copper, the cop- 
per-lead bearing does not heat as 
much as tin and lead-base bearings 
under similar frictional conditions, 
and for this reason and also because 
the copper-base alloys will withstand 
much higher temperatures, these al- 
loys will stand up under considerably 


March 19, 1938 





420 


higher specific loadings. AC Spark 
Plug Division reports in this connec- 
tion a test on a connecting-rod liner 
5g in. wide, which was run success- 
tully in a bearing-testing machine at 
4500 r.p.m., under a specific load of 
2750 lb. per sq. in. when lubricated 
with fresh oil (S.A.E. No. 30) enter- 
ing the bearing at 5500 deg. Fahr. 
(90 deg. above the melting point of 
tin). 

Copper-lead bearing alloys are at- 
tacked by the fatty acids usually 
present .in so-called ‘“running-in” 
oils. These acids react with the lead 
to form lead soaps, and the latter are 
washed out of the bearings. The re- 
action, of course, takes place on the 
bearing surface, and the surface then 
assumes a darker color, indicating 
that it consists almost entirely of 
copper. Tests have shown that there 
is no measurable increase in the co- 
efficient of friction as a result of this 
attack on the material, as long as 
lubrication is adequate, but there 
seems to be greater danger of injur- 
ing the shaft in the event the film of 
lubricant should break down. 


Cadmium Alloys 


As the failure of tin-base babbitts 
to stand up under intense loads is 
due mainly to the low melting point 
of tin, and consequent excessive 
weakening of the alloys in the upper 
range of bearing operating tempera- 
tures, the thought of substituting 
cadmium for tin occurred to metal- 
lurgists. While generally similar to 
tin in its properties, cadmium has 
a melting point 160 deg. Fahr. 
higher. Like tin, the metal is very 
soft in its pure state, and to obtain 
the required bearing qualities it must 
be alloyed. 

One of the possible hardeners for 
cadmium is nickel, and cadmium- 
nickel bearings can now be furnished 
by most of the bearing manufac- 
turers. Considerable work in the de- 
velopment of cadmium-nickel alloys 
has been done by C. E. Swartz and 
A. J. Phillips, metallurgists at 
the Central Research Laboratory 
of the American Smelting and Re- 
fining Co.* In a paper read before 
the American Society for Testing 
Materials in 1933 they gave an ac- 
count of some tests on bearings of 
cadmium-nickel with 1.35 per cent 
and 3.00 per cent of nickel, respec- 
tively, in comparison with bearings 
made of tin-base babbitt correspond- 
ing to the S.A.E. No. 11 specifica- 
tion. The cadmium alloys showed 
higher compressive strength than 
the babbitt at all temperatures, less 
creep under tension, and much 





*Mr. Swartz is now connected with the 
Cleveland Graphite Bronze Co. 
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greater hardness, the 1.35 per cent 
nickel alloy in all of the tests rang- 
ing about midway between the high- 
nickel cadmium alloy and the bab- 
bitt. At 390 deg. Fahr. the Brinell 
hardness of the babbitt was down to 
3.7, that of the 1.35 per cent cad- 
mium-nickel to 6.5, and that of 3 
per cent to 8.3. 

Service tests were made on bear- 
ings of the 1.35 per cent cadmium- 
nickel alloy. Bearings of this alloy 
were substituted for the two end 
main bearings and the bearings of 
connecting rods Nos. 2, 4 and 6 of 
the six-cylinder engine of a popu- 
lar make of automobile. The orig- 
inal center main bearing and the 
remaining connecting rod bearings 
were kept in place. The engine was 
operated under generator load, de- 
veloping an average of 32.4 hp. at an 
average speed of 2300 r.p.m. After 
a period of operation corresponding 
te 29,000 miles on the road, the en- 
gine was taken down and all bear- 
ings were found to be in first-class 
condition. After reassembling the 
test was continued, but after an 
equivalent mileage of 52,500 it had 
to be stopped because of failure of 
a babbitt bearing. The engine had 
been run continuously, except that 
oil was changed every 24 hours and 
certain stops were made to grind 
valves, change spark plugs, etc. When 
the engine was taken down it was 
found that the center main (bab- 
bitt) bearing had burned out. Con- 
necting-rod bearings of babbitt all 
showed evidence of temperatures 
above the softening point of the al- 
loy, while all cadmium bearings were 
in first-class condition. 

In their conclusions the authors 
stated that as compared with bab- 
bitt, the cadmium-nickel alloy had 
proved stronger at all temperatures, 
had a higher softening point, had 
a much higher creep resistance yet 
sufficient creep to serve the purpose 
of alignment; proved to have about 
the same ductility, and had greater 
hardness throughout the tempera- 
ture range investigated, yet micro- 
hardness tests showed that the hard 
constituent is not sufficiently hard to 
injure ordinary steel shafts. They 
pointed out particularly, that the 
cadmium, nickel alloy will bond read- 
ily to both of the backing materials 
used, bronze and steel. 


Cadmium—Silver 


For some years there has been a 
good deal of talk regarding cadmium- 
silver-copper bearings, and_ these 
are now being used in a number 
of Diesel, aircraft, commercial- 
vehicle and even passenger-car en- 
gines. Among those who have been 


active in the development of such 
alloys is C. F. Smart, metallurgist 
of Pontiac Division of General 
Motors Corp. Mr. Smart developed 
some of his theories regarding bear- 
ing metals in general, and recorded 
his experimental results with cad- 
mium-silver-copper bearing alloys, in 
a paper read before the American 
Society for Metals in 1936. He holds 
that the hardness of a bearing alloy 
is no safe criterion of its fatigue re- 
sistance. The component of lowest 
melting point, or lowest strength at 
operating temperatures, would be ex- 
pected to predominate in affecting 
fatigue life. It is, therefore, impor- 
tant that the weakest or lowest-melt- 
ing-point component be as strong as 
possible. Applying this theory to 
cadmium-silver-copper bearing  al- 
loys, he reaches the conclusion that 
the optimum composition is one in 
which the silver content is close to 
the upper limit of the primary solid 
solution and which contains as much 
copper as possible without rendering 
it unduly brittle. The composition 
which he favors is 97.5 per cent cad- 
mium, 2.25 per cent silver, and 0.25 
per cent copper. One bearing manu- 
facturer, he says, recommends 0.75 
per cent silver and 0.50 per cent 
copper. 

Cadmium has a strong tendency to 
oxidize at high temperatures, and 
must be protected by a suitable flux 
when in the molten state. The cad- 
mium-silver-copper alloy which he 
favors melts at 610 deg. Fahr. and 
can be readily poured at 750 deg. 
Fahr. Zine chloride, which melts at 
504 deg. Fahr., forms a good pro- 
tective covering. Cadmium-silver- 
copper alloys do not bond directly to 
steel, and the steel backing must first 
be “tinned” with a suitable “tinning” 
alloy. Cadmium-zine alloys of ap- 
proximately eutectic composition, 
cadmium-nickel alloys, and cadmium- 
zinc-nickel alloys with approximately 
5 per cent zine and 1 per cent nickel 
are said to all give excellent bonds. 
Before being “tinned” the steel must 
be thoroughly cleaned; it must be 
dipped in a flux composed of a solu- 
tion of zine chloride and _ hydro- 
chloric acid in water, it should be 
kept in the bath of molten bonding 
alloy long enough to give it a chance 
to become properly tinned, and the 
tinning operation should be followed 
immediately by casting of the bear- 
ing. A rapid rate of cooling after 
casting gives a finer grain and a 
better combination of hardness and 
toughness. 

Mr. Smart stated in his paper that 
comparative tests showed cadmium- 
silver-copper bearings to have about 
three times the fatigue life of the 
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best available babbitt bearings. 
Slightly greater clearance developed 
in the cadmium than in the babbitt 
bearings, but this was nothing to 
worry about. The cadmium bearings 
had no tendency to wear the shafts 
and possessed sufficient plasticity to 
accommodate shaft deflections with- 
out danger of scoring or seizure. 
The metal was sufficiently tough to 
prevent cracking out at the edges of 
the bearings. Where silent operation 
is essential, as in passenger-car en- 
gines, shaft clearances need be no 
larger than with babbitt bearings. 
There are two dark spots in the 
picture of the future prospects of 
cadmium-silver-copper bearings. The 
first is that cadmium is a by-product 
in the production of zinc, so that its 
production could not be rapidly ex- 





panded if the demand should increase 
greatly. This is bound to affect the 
price situation. When cadmium bear- 
ings were introduced in automobile 
production about three years ago, the 
price of the metal rose rapidly from 
about 55 cents per lb., at which level 
it had been stabilized for some years, 
to more than $1 per lb., and other 
users of the metal, notably electro- 
platers, began to complain. Of 
course, where a product offers really 
superior advantages, ways are usual- 
ly found to supply it in adequate 
quantity. 

The other weakness of cadmium 
bearing alloys is that they are at- 
tacked by organic acids in the oil, 
which are either added to increase 
its “oiliness,” as in the case of so- 
called “running-in” oils, or are de- 
veloped in mineral oil in the course 
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of use, under the influence of heat. 
Compounded oils containing organic 
acids must not be used in engines 
fitted with cadmium bearings. Most 
crude oils, it seems, contain “inhibi- 
tors” which prevent or at least retard 
the formation of organic acids in 
lubricating oil, but in the ordinary 
processes of refining these are large- 
ly removed. There seem to be means 
of controlling the formation of acids 
in the oil, but solution of the problem 
from the oil end involves difficulty 
as long as only a small proportion 
of engines have cadmium bearings. 
Therefore, a solution which would 
make the bearing alloys immune to 
attack by the acids would be much 
more desirable. 

Such a solution was announced by 
Mr. Smart in a paper presented to 


Fig. 8 — Microphoto- 
graph of cadmium- 
nickel alloy (Cleveland 
Graphite Bronze Co.) 


Magnification, 100. Com- 
position: Nickel, 1.35 per 


cent; cadmium, balance; 
lead and copper, 0.05 
maximum; zine, 0.20 
maximum. 


the American Institute of Mining 
and Metallurgical Engineers in Feb- 
ruary last. It consists in treating 
cadmium-silver-copper bearings with 
indium to make them corrosion-re- 
sistant in the presence of lubricating 
oils at high temperatures. Alloying 
the indium (0.25 per cent) with cad- 
mium, silver and copper did not give 
entirely satisfactory results, as the 
resulting alloy did not bond well with 
steel. Accordingly, an alternative 
method of getting the indium into 
the bearing metal was tried. This 
consisted in depositing indium on 
the bearing surface of steel-backed 
bearings lined with cadmium-silver- 
copper alloy and then heating the 
bearings to cause the indium to dif- 
fuse into the bearing metal. 

The bearings were cleaned electro- 
lytically in an alkaline cleaning bath, 
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rinsed with water, and plated in an 
indium-cyanide bath containing 4 oz. 
of indium, 2 oz. of dextrose sugar, 
and 12 oz. of sodium-cyanide per 
gallon. Carbon anodes were used, 
and good deposits of indium were ob- 
tained at current densities ranging 
between 25 and 100 amps. per sq. ft. 
The indium plate was very soft, and 
light rubbing with a cloth served 
to buff the surface smooth and 
bright. When heated a short time 
at 340 deg. Fahr. or higher, the 
bright surface took on a frosted 
appearance and could not be so 
easily buffed, showing that the in- 
dium had diffused into the bearing 
metal. Laboratory tests on bearings 
lined with an alloy composed of 2.25 
per cent silver and 0.25 per cent cop- 
per (the remainder cadmium) which 
had been plated with indium and 
heated, showed that indium in the 
proportion of 0.20 per cent definitely 
improved the corrosion resistance, 
and 0.4 to 0.5 per cent was sufficient 
to enable the alloy to withstand cor- 
rosion under the most severe condi- 
tions. At temperatures of 340 deg. 
Fahr. and higher, the diffusion was 
quite rapid. At 340 deg. the soft 
indium layer seemed to have alloyed 
after 30 minutes, and _ diffusion 
through 0.010 to 0.015 in. of bearing 
metal appeared to be accomplished in 
two hours. 

Whereas heat treatment at 450 
deg. Fahr. weakened the bond of 
some bearings bonded with cadmium- 
zinc alloy, it did not weaken the bond 
of bearings bonded with cadmium- 
nickel alloy; heat treatment at 500 
deg. Fahr. lowered the bond strength 
of both types. 

Heat treatment at 340 deg. Fahr. 
did not weaken the bond strength of 
unplated bearings bonded with cad- 
mium-zinc, but heating for two hours 
at this temperature seriously weak- 
ened the bond on similar bearings 
that had been plated with indium. 
This was also found to be true for 
bearings of this type plated with tin, 
but was not evident when cadmium 
plate was substituted for indium or 
tin, indicating that the latter metals 
have a weakening effect when they 
penetrate to the cadmium-zince bond 
layer. 

Heat treatment at 340 deg. Fahr. of 
bearings bonded with cadmium-nick- 
el and plated with indium did not 
weaken the bond strength even after 
60 hours. Indium in amounts up to 
0.5 per cent of the bearing metal did 
not appear to embrittle the cadmium- 
copper-silver alloy. Appreciably 
greater amounts of indium did result 
in embrittlement. (See next page.) 
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Owing to the length of this 
treatise on Bearing Metals, and 
the space limitations of this 
issue, the NEW DEVELOPMENTS 
in AUTOMOTIVE MATERIALS 


which usually follow directly 
after the monthly Materials 
article will be omitted from 
this week’s issue and appear 
next week March 26. 





In one engine test, connecting-rod 
bearings lined with cadmium-silver- 
copper alloy, treated with approxi- 
mately 0.20 per cent indium, were 
run for over 5000 miles at high 
speed. At the conclusion of the test 
these bearings showed only slight 
signs of etching, whereas untreated 
bearings run in one of the connecting 
rods were replaced three times. be- 
cause of their badly corroded condi- 
tion. The acid number of the oil 
used reached a value of 3.3. 

In another engine the fatigue life 
of babbitt-lined bearings reached 60 
hours under very severe conditions 
(4250 r.p.m., full throttle, 250-260 
deg. oil temperature at the bear- 
ings). Cadmium-silver-copper bear- 
ings treated with 0.4-0.5 per cent 
indium run under these conditions 
and in the presence of oil containing 
0.5 per cent of oleic acid, were in ex- 
cellent condition after 120 hours, 
showing no evidence of corrosion, 
and very slight indication of fatigue 
cracks. These engine tests verified 
the laboratory result that the indium 
treatment described prevented cor- 
rosion of the cadmium-alloy bear- 
ings without impairing the fatigue 
resistance or other bearing-metal 
properties. 


Oilless Bearings 

Oilless bearings are used to a cer- 
tain extent on automobiles. The na- 
tural field for such bearings is in 
places that are difficult to oil on ac- 
count of inaccessibility or for other 
reasons. The term “oilless” as ap- 
plied to modern bearings of this type 
is really a misnomer. As a freak of 
nomenclature it has been said that 
a dry battery is a battery that is 
never dry, and similarly it might be 
said that an oilless bearing (of the 
modern type) is a bearing that is 
never without oil. These modern 
self-lubricating bearings are used 
more in household appliances, elec- 
tric motors, and textile machinery 
than in automobile chassis. On au- 
tomobiles they are used in such 
places as in the water pump, in rock- 
er arms, starting motors, distributor 
shafts and on brake shafts. One 
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make of car is said to have thirty- 
two different applications of such 
bushings. 

One of the earliest materials of 
this type, Genelite, is described as a 
synthetic bronze with as much as 40 
per cent of graphite by volume in a 
finely divided state. The bronze is 
prepared from powdered oxides of 
copper, lead and tin, which are 
heated with an excess of graphite so 
as to partly reduce them. The bear- 
ings are shaped in steel molds under 
high pressure, and are then heated 
to sinter the metals together. When 
polished, the material looks like 
bronze. Genelite absorbs 2.5 per cent 
of oil by weight, and, of course, a 
much greater proportion by volume. 

Durex is a material of which 
Moraine Products Division of Gen- 
eral Motors Corp. makes self-lubri- 
cating bearings. It is made of pow- 
dered metals, briquetted, heat-treated, 
and oil-impregnated. The structure 
is quite porous and absorbs oil, 
and in many cases the oil with which 
the bearings are impregnated is 


sufficient for lubricating purposes 
for the life of the machine. Oil is 
fed to the bearing surface by capil- 
larity. These bearings are made in 
a number of different compositions. 
Those with high copper content are 
used particularly where the journals 
supported have an oscillating motion, 
as in the case of rocker-arm bush- 
ings. One method of supplying oil 
to these bearings is to form an oil 
pocket around the center of the bear- 
ing, with a lubricating fitting or oil 
cap on top. Oil can be supplied also 
by means of wicks. 

Oilite Bearings, made by Amplex 
Division of Chrysler Corporation, 
come in two grades which differ 
from each other in their compressive 
strength, for whereas the regular 
Oilite will sustain compression loads 
of 5000 lbs. per sq. in., Super Oilite 
will carry a load of 34,000 lbs. per 
sq. in. The structure is so porous 
that it will absorb more than one- 
third its volume of oil. 

Another type of oilless bearing, 
known as Metaline, depends for its 
lubricating effect not on oil held in 
pores of the metallic structure but 
on inserts of mixtures containing 
elements with lubricating value. The 
bearing is sand-cast of an alloy com- 
posed of copper, tin, lead, and zinc. 
The metalline inserts are put into the 
bearing after it has been completely 
machined. These inserts consist of 
a mixture of anti-friction metals, 
waxes, graphites and other  sub- 
stances. The inserts or plugs are 
subjected to great pressure. 
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nounced. It develops 200 hp., 
burns pulverized bituminous or 
lignite coal or oil or any combina- 
tion of these two. It can be oper- 
ated from cold in two minutes. The 
generators operate at 750 lb. and 
are non-explosive. The unit re- 
quires, of course, no clutch or 
transmision.” 


From 
Moror Worip WHOLESALE 

“Citation by the Federal Trade 
Commission recently of a so-called 
testing laboratory which has been 
issuing certificates of approval on 
automotive accessories and other 
products indicates how ‘empty’ this 
gesture actually can be when used 
improperly. 

“The organization complained 
against by the FTC is alleged to 
have had no laboratory, listed an 


advisory board of 11 men which 
was non-existent, and allegedly 
listed some of these men without 
their consent; its headquarters 
were alleged to be only a small of- 
fice in the rear of an automotive 
trade school and its only equip- 
ment a filing cabinet and a few 
pieces of furniture. 

“Existence of such organizations 
suggests one of the dangers that 
must be anticipated if the industry 
should ever decide to launch or en- 
gage a testing bureau, as has been 
talked about from time to time. 

“Not that anyone can quarrel 
with the desirability of establish- 
ing quality standards which can be 
certified or: question their value— 
but it is so easy for unscrupulous 
organizations to simulate such ef- 
forts, and to the public a certifi- 
cate is a certificate.” 


Automotive Industries 





es 





Engines, Propellers and Carburetion 


Are Discussed at the S. A. E. 





National Aeronautic Meeting 


NE of the sessions of the 
S.A.E. National Aeronautic 


Meeting- at Washington last 
week was devoted to a symposium on 
propellers. F. W. Caldwell, who pre- 
sided, pointed out that a _ rather 
critical point has been reached in 
the development of aircraft propel- 
lers, owing to the constant and rapid 
growth in the output of aircraft 
powerplants. The horsepower which 
a propeller can absorb is proportional 
only to the square of its diameter, 
while its weight is proportional to 
the cube thereof hence, the larger 
the propeller the greater its weight 
per horsepower. That there is much 
interest in the propeller problem 
among aircraft engineers at the pres- 
ent time was indicated also by the 
very satisfactory attendance at the 
session, and one of the speakers drew 
2 comparison between this and a 
similar symposium on propellers held 
at Saranac Lake some years ago, 
when, he said, there were three 
speakers on the program and three 
persons in the audience. 

The three papers presented at this 
session were as follows: ‘Propeller 
Problems Imposed by _ Substrato- 
sphere Flight Requirements,” by C. 
F. Baker, Hamilton Propellers; “Pro- 
peller Factors Tending to Limit Air- 
craft Engine Powers,” by G. T. 
Lampton, Lycoming Division, Air- 
craft Manufacturing Corp., and 
“Aerodynamic Considerations Affect- 
ing Propellers for Large Aircraft 
Engines,” by George Brady, Pro- 
peller Division, Curtiss Aeroplane 
Co. 

According to Mr. Brady, an analy- 
sis of the propeller problem for any 
given project must cover the follow- 
ing items: Diameter, gear ratio, 
number of blades, blade width, blade 
plan form, blade pitch distribution, 
and blade-shank fairing. From this 
it is evident that the problem is a 
very complicated one. The analyses 
presented by the various authors who 
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contributed to the symposium ex- 
tended to such extremes as planes of 
200,000 lb. gross weight, engine 
powers of 20,000 hp., speeds of 500 
m.p.h., and altitudes of 40000 ft, In 
the discussion it was brought out 
that aircraft engineers had been 
somewhat disturbed by predictions 
in the technical press that in very 
large planes the propeller weight 
would have to be as much as 14 per 
cent the gross weight. However, 
from the analyses made in the dif- 
ferent papers it appeared that there 
is no justification for such a pessi- 
mistic view of the situation. An in- 
teresting point was made in the dis- 
cussion by T. P. Wright of Curtiss- 
Wright Corp., who, referring to a 
remark by one of the authors that 
increases in propeller weight would 
be compensated for by decreases in 
the specific weight of engines, said 
this assumption was open to ques- 
tion. He said an analysis of the 
powerplant weight problem had 
shown that 1500 hp. was about the 
optimum outvut for single power- 
plants, for if the output were in- 
creased bevond this figure, the spe- 
cific weight would increase again. 
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G. T. Lampton in his paper stated 
that the difficult problem with which 
the propeller industry is at present 
confronted is due basically to im- 
provements in fuels, generally higher 
critical altitudes, and increase in en- 
gine displacements. He made the 
prediction that if present trends con- 
tinue, propellers which have been 
considered in the Zeppelin category 
will soon be standard equipment for 
pursuit ships. 

When geared drives were first 
adopted, propeller engineers enjoyed 
a certain degree of latitude, but this 
has now been used up. The design 
pitch ratio V/ND is determined by 
the velocity V of the plane and the 
arbitrarily chosen tip speed, as Tip- 
speed® = V* + x N’ D’, where N is 
the propeller speed and D the propel- 
ler diameter. This limitation will be 
felt most in connection with military 
aircraft, which may have to operate 
at full throttle over long periods. 
To avoid excessive diameters, 
weights and pitches, engine manu- 
facturers should have each model 
available in several different gear 
ratios to obtain high tip speed at 
any design velocity. Calculations 
made in the paper were based on a 
tip speed of 900 ft. per sec. 

At a_ session devoted to small 
planes, presided over by J. H. Geisse, 
Luis de Florez of New York spoke 
on the general subject of private 
flying and how it could be developed, 
while N. N. Tilley of Continental 
Motors Corp., presented a paper on 
“Engines for Light Airplanes.” En- 
gines now fitted into light airplanes 
in this country weigh from 120 to 
155 lb. and develop between 35 and 
45 hp., at speeds of 2500 to 2700 
r.p.m., said Mr. Tilley, but a number 
of new engines for this purpose have 
been brought out recently which 
weigh from 155 to 165 lb. and de- 
velop 50 hp. at 1900-2500 r.p.m. The 
requirement of low costs minimizes 
the amount of finish machining and 
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tends toward the use of cast iron for 
cylinders, tappets, and camshafts, so 
that despite the high speeds the 
power cu. in. is not high. 

The earlier engines for light air- 
planes were based largely on auto- 
mobile-engine design practice. How- 
ever, conditions in aircraft opera- 
tion are quite different, and a number 
of changes had to be made. Exhaust- 
valve material had to be changed to 
the non-burning type used for large 
aircraft engines. Crankcases were 
found to require heat-treated alloys 
of good fatigue resistance, and avia- 
tion spark plugs perform better and 
last much longer than plugs of the 
automotive type. The best forging 
practice and high-quality steels are 
required for crankshafts. Cadmium 
or high-lead bronze bearings stand 
pounding much better than babbitt. 
Automotive parts cannot be used in 
these aircraft engines, as illustrated 
by the fact that the automotive con- 
necting rod used in one such engine 
is longer than required and unneces- 
sarily increases the weight. 


In the earlier engines the cooling 
was inadequate at low take-off 
speeds, and the black enamel on the 
cylinder heads would burn off. This 
was followed by mechanical trouble 
such as gasket failure, ring sticking, 
and piston seizure. By increasing 
the fin area, the temperatures were 
greatly reduced, and the fuel con- 
sumption was lowered somewhat. By 
properly cowling the cylinder bar- 
rels, the temperature of the barrel 
at the crankcase end of the ring 
travel was lowered from 350 to 225 
deg. Fahr., with cooling air at 100 
deg. The author observed that since 
the coolest part of the cylinder over 
which the rings traveled was at 350 
deg. Fahr., it was not surprising that 
rings stuck occasionally. 

The author discussed a number of 
problems that arise in the develop- 
ment of a light-plane engine, such as 
that of cylinder number and ar- 
arrangement, L-head vs. valve-in- 
head engines, and accessory equip- 
ment. In concluding his paper he 
gave illustrated descriptions of the 


NATIONAL AERONAUTIC MEETING 


Continental A-40 and A-50 engines, 
both of which have been described 
in there columns. 

Robert Sanders, of Enginee 
Research Corp., in a paper on “Car- 
buretor Icing,” said that the ten- 
dency to ice can be reduced by op- 
erating—whenever the atmospheric 
dewpoint is below freezing (32 deg. 
Fahr.)—with as lean a mixture as is 
consistent with other instructions, as 
the smaller the amount of fuel evapo- 
rated the less the cooling effect; by 
maintaining full cruising power, as 
in tests made there was more icing 
at lower powers for any given atmos- 
pheric dewpoint; and by maintaining 
as high a cruising altitude as possi- 
ble, because there is less moisture in 
the air at high altitudes and also be- 
cause gliding to lower altitudes tends 
to produce ice. The author did not 
discuss carburetors designed to use 
de-icing liquids such as alcohol, car- 
buretors which reduce the surface 
on which ice can form, and car- 
buretors with automatic constant- 
temperature controls. 
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Torsional Vibration in In-Line Engines 


NTEREST in the in-line type of 
| aircraft engine is increasing, par- 

ticularly in the larger powers, ac- 
cording to R. M. Hazen, chief engi- 
neer, and O. V. Monteith, project 
engineer, of Allison Engineering Co. 
They account for this by poiting out 
that cotinued development of aircraft 
toward the ultimate goal of the fly- 
ing wing has made the powerplant 
responsible for an ever-increasing 
proportion of the total drag, and the 
in-line engine with its small frontal 
area has comparatively low drag. 
Development of in-line aircraft en- 
gines of all but the smallest type has 
centered around the six-throw crank- 
shaft, the twelve-cylinder V engine 
having long been the favored model 
of the in-line aircraft-engine type. 
Torsional vibration is a serious prob- 
lem with modern aircraft engines of 
this general type. The modern en- 


gine should have satisfactory tor- 
sional characteristics from 1000 to 
3500 r.p.m. and more. As there are 
harmonics of two, three, four, five, 
etc., times the frequency of the 
fundamental, and as all improve- 
ments in fuel add to the compression 
ratio and the combustion pressure, 
which in turn increases the ampli- 
tude of the harmonics, the lot of the 
engine designer is not a happy one. 
Fortunately, several of the harmonics 
cancel out, the exciting forces are 
lew at low engine speeds, there is 
considerable inherent damping in the 
engine, several comparatively quiet 
ranges can be provided without ap- 
preciable cost in weight, and both 
the frequencies and amplitudes of 
torsional vibration can now be prede- 
termined with reasonable accuracy. 
The authors state that single-node 
natural frequencies of 12-cylinder 
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aircraft engines range between 30 
and 160 cycles per second, two-node 
between 160 and 350 cycles per sec- 
ond. Fig. 1 is a diagram of a tor- 
sional-pendulum system equivalent to 
the Allison V-1710 engine, in which 
the reduction gear is close to the 
nearest crank throw and the propel- 
ler a considerable distance away. 

Characteristics of harmonic-torque 
input for both single-node and two- 
node vibration in a 12-cylinder en- 
gine are shown in Fig. 2. There is 
very little change in harmonic input 
with frequency for the 4% and 71% 
orders. The harmonic-torque input 
of the 6th order at first decreases 
and then increases with increase in 
frequency, and it is eliminated when 
the node is at the center of the crank- 
shaft. 

The harmonic-torque input is also 
appreciably affected by the m.e.p., 
the compression ratio, the firing or- 
der, and the reciprocating masses. 
Anything which affects the shape of 
the indicator card also affects at 
least one of the harmonic orders. Fig. 
3 shows how the harmonic torque in- 
put varies with the m.e.p., and Fig. 
4 shows how it varies with the com- 
pression ratio. Both sets of data 
were calculated for a 12-cylinder en- 
gine and are fairly well confirmed by 
test results. 

In current aircraft engine design, 


Automotive Industries 











NATIONAL AERONAUTIC 





324 












































¢ 
a 
z 6000 
a 
a 
Z 4000 
3 
c 
S 2000 1 
2 6-ORDER 
z °>1I3 26 224. 233. 242 255 273 296 
: TWO-NODE FREQUENCY-CYCLES PER SECOND 
« 4000 Peg 
; 3000 p 
He 2 
“ SF 
2000 X 
: Ny DER —_ "| 
= <a wes-% 
« 
2 © 6g 








30 40 50. 60 


70 80 90 


100 10 


SINGLE- NODE FREQUENCY-CYCLES PER SECOND 


torsional-vibration frequencies 


are 


generally selected or controlled by 


determining the constants of 
equivalent system in advance. 


the 
In 


the original design of an engine, the 


crankshaft and attached masses are 
practically fixed by considerations of 
cylinder size and spacing, bearing 


loads, etc. In a new design, 


siderable latitude can be provided 
for the selection of the rigidities of 


cients 


con- 


the pinion shaft or propeller shaft. 


(K, and K,, Fig. 1). 


By suitable 


selection of these rigidities it is pos- 
sible to minimize the number of 


Fig. 3— (Right) 
‘Harmonic coeffi- 
single- 

gas- 
torque 


cylinder 
pressure 
vs. i.m.e.p. 
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Fig. 2—(Left) 


frequency 
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Harmonic-torque input vs. 
for both single-node and _ two- 
node vibration 


harmonics that come within the nor- 
mal operating range of the engine. 
It is generally possible to bring the 
more severe harmonics outside the 
operating range; the lesser har- 
monics can be damped. 

An analysis of the frequency char- 
acteristics of an engine is conveni- 
ently made by means of the chart, 
Fig. 5. By varying the propeller- 
shaft rigidity K:, the frequency is 
carried through the whole range 
represented by the scale of abscissas. 
The dotted line represents the vibra- 
tion order that will cancel out in a 
12-cylinder 60-deg. V engine. Orders 
that are normally severe enough to 
require attention in a 12-cylinder 
engine are shown in heavy solid lines. 
The severity of the various vibration 
orders is considered to be measured 
by the harmonic-torque input, and 
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Fig. 4 — (Left) 
Effect of changes 
in compression 
ratio on har- 
monic-torque_ in- 
puts of different 
orders 
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the results were checked by tests. 
By drawing a vertical line through 
any point on the frequency scale, the 
harmonics which are present in any 
selected speed range may be readily 
determined. 

If the engine has a single-node 
natural frequency of 75 cycles per 
second, the 1% order will peak at 
3000 r.p.m., while at 60 cycles it will 
peak at 2400 r.p.m., hence is still in 
the operating range. To remove this 
vibration order from the operating 
range it is necessary to employ a 
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single-node natural frequency of 
either 90 c.p.s. or more, or 35 ¢.p.s. 
or less. In the first case the harmonic 
will be above the normal operating 
range of the engine; in the second it 
will be present only below cruising 
speeds. In an extension-shaft sys- 
tem, where it is possible to make the 
rigidity low without causing exces- 
sive stresses, the 35-c.p.s. system 
could be employed, but where a 
short, compact reduction-gear hous- 
ing is desired on the engine, the 
90-c.p.s. system would be preferable. 

As regards two-node harmonics, 
with a stiff (90-c.p.s.) system and 
the particular one-node-to-two-node 
relation shown in Fig. 5, only the 
7144 and 6th two-node harmonics are 
within the operating range. With 
a flexible system (35 ¢.p.s.) the 4% 
order two-node critical speed comes 
within the normal operating range. 
There is no frequency at which all 
vibration orders can be eliminated, 
and if the specific output of the en- 
gine is high, some damping is re- 
quired. 

Fig. 6 shows the frequency char- 
acteristics of a system with variable 
pinion-shaft rigidities K:. Where an 
external gearbox is employed, this 
shaft section is easily controlled. It 


Fig. 6—Effect of pinion-shaft rigidity on 


critical speeds 
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Fig. 5—Variation of critical speeds with 
natural frequency of crankshaft system 


dom from torsional vibration dif- 
ficulties. Probably the most de- 
sirable torsional system is one in 
which all single-node harmonics of 
importance are present only below 
the normal operating range, while 
255. 273 296 -. a26 the major two-node harmonics are 
present only above the operating 
speed range. This involves a low 
rigidity Ks (pinion far from nearest 
crank throw) and a high rigidity K; 
(propeller close to driven member 
of reduction gear). 

Torsional vibration dampers form- 
erly were regarded as a nuisance, 
but in modern in-line aircraft en- 
vines they are a necessity. Two 
types are in general use, the friction 
type and the dynamic type. The 
friction damper is usually a multiple- 
disk-in-oil type, with alternate plates 
80 90 100 0 of steel and bronze. Its chief ad- 
vantage is that it becomes effective 
on any kind of vibration, as soon as 
one of its members starts to vibrate. 
An objection to it is that there must 
will be seen that variation of this be some torsional vibration before 
rigidity has little effect on the two- there can be any absorption. It 
node frequencies. This suggests that should therefore be placed at the 
by the proper selection of K: and K: point of maximum oscillation, that 
most of the critical speeds can be re-_ is, at the rear end of the crankshaft. 
moved from the operating range: To That, however, makes it difficult to 
determine the effect of all the vari- attach one set of plates to the prin- 
ables in a given engine design is a cipal member of considerable mass 
laborious task, but it pays in free- rotating at constant velocity, viz., 


4000 


R. PM. 


: 3000 





CRANKSHAFT 
A 
°o 
8 


r=) 


00 
272 275 278 268i 284 288 293 298 304 
j TWO-NODE FREQUENCY— CYCLES PER SECOND 


Ase OROER a oe 





8 
° 








Pas 


La 


a 


bgt 





5 ed 
sate 


aoe” 





“— 
~ \w 
{ 
4 
4 
\ 
1 
i] 
Ww 
‘ 
Y 
4 
‘ 
uh 
=i 





ue ae —— 
i GE hs OP _—— 


3 





CRANKSHAFT R. P.M. 


| 
| 




















see: 














on 62 +. So en. me UM le 
SINGLE-NODE FREQUENCY-CYCLE PER SECOND 


Automotive Industries 














NATIONAL AERONAUTIC M-EETING 




















the propeller, which is at the op- 
posite end of the engine. 

Two fairly satisfactory compro- 
mises have been worked out. In 
the standard Allison V-1710 engine 
(Fig. 7a) the propeller is used as 
the flywheel mass by connecting it 
tc a stiff outer shaft, while the en- 
gine torque is transmitted through a 
very flexible inner shaft, at the rear 
end of which the damper is located. 
lf the inner shaft is flexible com- 
pared with the crankshaft, the ampli- 
tude at the damper is high enough to 
give good damping of single-node 
vibration without excessive ampli- 
tude at the rear end of the shaft. 
The damper is at an effective point 
also for two-node vibration, since it 
is near the anti-node, which may, in 
a flexible system, be better than the 
rear end of the crankshaft. How- 
ever, a friction damper is not par- 
ticularly effective for two-node vibra- 
tion, since the amplitudes cannot be 
great without causing excessive 
stresses in the shaft. It is useful, 
therefore, chiefly on those orders 
where the harmonic inputs are not 
high. 

The other compromise (Fig. 7b), 
used on a foreign engine, consists in 
attaching the damper to the rear end 
o* the crankshaft and connecting one 
set of plates to the supercharger 
impeller, which, on account of its 
high speed, has considerable fly- 
wheel effect. For example, a cer- 
tain 914-in. supercharger impeller 
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Fig. 7 a—Friction- 
damper installation 
in which the pro- 
peller serves as the 
steady-running mass 


Fig. 7b — Friction 
damper installation 
in which super- 
charger impeller 


serves as steady- 
running mass 


has a moment of inertia of 12 in.- 
lb.-sec.” When geared up 8 to 1 its 
equivalent moment of inertia, which 
varies as the square of the speed, 
is multiplied by 64, and is therefore 
sufficient to assure a high degree of 
stabilization of the damper. This, 
of course, assumes small backlash in 
the damper and a fairly stiff connec- 
tion between the inertia mass and 
the damper. 

The pendulum-type dynamic damp- 
er also is applicable to in-line engines, 
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for eliminating two-node vibration. 
Like a friction damper, it should be 
so located in the crankshaft system 
that it is subjected to the maximum 
amplitude of vibration. If the node 
is approximately at the center of the 
crankshaft, the damper may be 
placed at either end. This type of 
damper has the advantage that it 
can be tuned to any harmonic order, 
instead of being in tune with a par- 
ticular vibration frequency. 

All engines can absorb a certain 
amount of harmonic-torque input by 
reason of inherent engine damping, 
which has been found to increase 
with the crankshaft vibration fre- 
quency. A crankshaft having a fre- 
quency of 100 c.p.s. will have a larger 
damping factor than a system hav- 
ing a frequency of 35 c.p.s. Fig. 8, 
which is based on test results, shows 
the magnification factor (the recipro- 
cal of the damping factor) of an in- 
line engine plotted against resonant 
crankshaft frequency. 

Torsional - amplitude determina- 
tions are made with a torsiometer 
principally to find out whether ampli- 
tudes are large enough to endanger 
such parts as the crankshaft and 
propeller. It is customary to limit 
the amplitude to a definite plus and 
minus value for a certain type of 
vibration. With the various grades 
of fuel now available it is possible to 
turn out the same engine model with 
considerable differences in power- 
output and compression-ratio rat- 
ings. Also, various reduction gear 
ratios and shafting arrangements 
are required, and for reasons of 
economy and interchangeability, all 
of these varied requirements may be 
met by a single basic crankshaft and 
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Fig. 8 — Magni- 
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connecting-rod arrangement. From 
this it is obvious that an amplitude 
of +1 deg. at the rear end of the 
crankshaft in single-node vibration 
does not imply the same stress in all 
cases. 

Probably the most important vari- 
able affecting the permissible tor- 
sional amplitude is the frequency of 
the system. It is well known that 
a short, stiff rod need not be twisted 
as much as a long slender rod to 
produce the same stress. Fig. 9 
shows a flexible and a stiff equiva- 
lent crankshaft system and their 
normal elastic curves, drawn to a 
seale of 1 deg. deflection at the rear 
end of the crankshaft. The harmonic- 
torque curves are also drawn in, and 
show the torque corresponding to 
this twist for every point of the 
crankshaft system. It will be ob- 
served that although the twists are 
the same for both systems, the torque 
is about three times as high in the 
stiff system. The harmonic or al- 
ternating torque produces a_har- 
monic stress in the crankshaft sys- 
tem, which adds directly to the 
stresses due to power and inertia 
torque. If the mean torque in both 
systems were, say, 25,000 in.-lb., the 
alternating torque in the flexible sys- 


Fig. 10—Power-torque variations at various 
points along the crankshaft of an _ in-line 


engine 
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tem represents a stress increase of 20 
per cent, while in the stiff system 
it represents approximately 60 per 
cent increase, for +1 deg. amplitude 
at the rear of crankshaft in single- 
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Fig. 9—Normal elastic and harmonic-torque 
eurves for torsionally - rigid and _ flexible 


systems 


node vibration. The stress range 
from maximum to minimum is in the 
ratio of 1 to 3, which is even more 
serious. 

Another thing that has an im- 
portant bearing on the permissible 
amplitude at the rear end of the 
crankshaft is the way the torque 
builds up in the crankshaft due to 
the firing order. Fig. 10 shows the 
torque variation along the crank- 
shaft of a 12-cylinder 60-deg. V en- 
gine, as calculated from indicator 
cards and inertia forces. It is in- 
teresting to note that there is nega- 
tive torque at certain times from 
the rear end of the crankshaft for- 
ward to No. 5 crankpin, and that at 
the worst point the torque varies 
from minus 8 per cent to 160 per 
cent of the engine mean torque. 

The flywheel effect of the centri- 
fugal and inertia masses in the 
crankshaft probably explains the fact 
that this does not show up on the 
usual torsiometer cards. Since the 
alternating torque from resonant vi- 
bration is superimposed on the tor- 
ques shown in Fig. 10, it is apparent 
that the phasing of the alternating 
torque is an important item, as is 
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nhs Fig. 11—Curves of harmonic-toque input 
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+ DEGREES AMPLITUDE 


the location of the node or nodes dur- 
ing vibration. It is also obvious that 


general rules regarding permissible 
amplitudes of vibration are ex- 


any of the many variables can be 
rather closely predicted by the meth- 
ods discussed in the paper. 

Amplitude curves of a 12-cylinder 
engine for both single-node and two- 
node vibration are shown in Fig. 11. 
Curve A shows the calculated har- 
monic-torque input for several im- 
portant harmonic orders. Curve B 
shows the resultant amplitude as 
measured by a torsiometer on an 
engine running without damper, 
while curve C was obtained from the 
same engine when equipped with a 
damper. 





PISTON COOLING 


By S. D. HERON and B. READ 


7 ISTON cooling periodically be- 
Poors: an acute problem in the 

development of engines of high 
specific output. In general, exces- 
sive piston temperature is a much 
more difficult problem in air-cooled 
or high-temperature liquid-cooled 
engines than it is in water-cooled 
types. Among current spark-igni- 
tion engine types the aircraft en- 
gine is probably the most difficult 
in respect to piston problems, and 
the present state of development 
represents a remarkable achieve- 
ment. The very efficient piston cool- 
ing of current aircraft engines is 
largely due to the use of fairly 
heavy aluminum pistons with lib- 
erally ribbed interiors. A relatively 
large amount of oil is thrown onto 
the ribbing for the purpose of re- 
moving heat. 

Tests some years ago indicated 
that with sodium-filled pistons, 
cooling is sensibly independent of 
the material or thickness of the pis- 
ton body. While salt- and sodium- 
cooled pistons have been intermit- 
tently worked on for several years, 


(1) Research Laboratories, Ethyl Gasoline 


Corp., Detroit. 
(2) Wilcox-Rich Division, 
facturing Co., Detroit. 


Eaton Manu- 
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the development has never pro- 
gressed beyond the experimental 
stage, and it has yet to be proved 
that internal cooling with salt or 
sodium can improve on the results 
obtained with the most advanced 
ribbed aluminum designs. 

The internally-cooled piston has 
had even its experimental applica- 
tion limited on account of construc- 
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tion difficulties. Construction pat- 
ents have been granted on both 
steel and aluminum designs but 
none of these have proved suffi- 
ciently attractive for extensive de- 
velopment. 

In general the salt- or sodium- 
cooled piston represents a difficult 
design problem if a simple, light 
and easily fabricated type is re- 
quired. In 1934 the late Robert 
Jardine evolved the idea of confin- 
ing the coolant in a capsule which 
could be shrunk, welded, brazed, or 
cast into the piston body. About a 
year ago the piston illustrated was 
constructed by the simple expedient 
of boring out the crown of an ex- 
isting cast iron piston and shrink- 
ing in a steel capsule partially filled 
with sodium. Tests in a _ water- 
cooled 25<-in. bore C.F.R. engine 
with supercharging showed that no 
power limitation was imposed by 
the iron piston when compared with 
the heavy ribless aluminum type 
which is standard equipment for 
the C.F.R. engine model used for 
the tests. 

Test work with the piston ceased 


Piston with sodium chamber for heat 


transfer. 
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until a great deal of ring sticking 
trouble was experienced during a 
study of test methods for aircraft 
fuels. In this study it has been nec- 
essary to go to jacket temperatures 
of 350 deg. Fahr. to 410 deg. Fahr. 
in order to equal the cylinder-head 
temperatures obtained in aircraft 
engines under severe conditions. 
Jacket temperatures of 350 deg. 
Fahr. or more in conjunction with 
supercharging are liable to have 
very destructive effects on the lu- 
bricating oil and to produce rapid 
coking of the piston rings. Prelim- 
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inary work with the piston shown 
herewith indicated that it was ap- 
preciably superior to any other type 
previously tested in respect to ring 
sticking. The best engine perform- 
ances secured to date with the pis- 
ton shown are: An i.m.e.p. of 420 
lb. per sq. in. at 1800 r.p.m., with 
water-cooling under _ pressure, 
jacket-outlet temperature of 260 
deg. Fahr. and cylinder-head tem- 
perature of 300 deg. Fahr., and an 
i.m.e.p. of 300 lb. per sq. in. at 1800 
r.p.m. with a jacket inlet of 350 deg. 
Fahr., jacket outlet of 410 deg. 
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Fahr., and cylinder-head tempera- 
ture of 500 deg. Fahr. Somewhat 
inadequate test data indicate that 
at a high jacket temperature the 
sodium-cooled iron piston will not 
permit as high an i.m.e.p. as can be 
obtained with a ribless aluminum 
type under similar conditions of 
fuel, octane number and jacket tem- 
perature. 

The piston illustrated operates 
very satisfactorily with a clearance 
of 0.005 in. on the top land, and this 
is thought to explain the superior- 
ity in respect to ring sticking, since 
it serves to reduce access of high 
pressure gas to the top ring. In 
testing extending over more than 
200 hours, no evidence of oil coking 
on the under side of the capsule has 
been observed. 

The tests outlined above are de- 


| cidedly limited in scope, but the re- 
| sults appear to indicate that sodium- 
| cooled pistons may have a field of 


application where ring sticking is 
the result of high cylinder temper- 
ature. 


Shakeproof Thread-Cutting 
Screws 


A new type of machine screw that 


cuts its own thread has been devel- 


oped and is being marketed by the 


| Shakeproof Lock Washer Co., -Chi- 


cago. An illustration of the screw 
is shown herewith. It will be seen 





Shakeproof thread-cutting screw 


| that a slot is cut in the screw at its 
| lower end. This slot is cut at such an 
_ angle that the portion on the lead- 
| ing side of the slot when the screw 
| is being driven home, is compara- 


tively flexible and springs inward. 


The portion of the thread on the 
| opposite side of the slot then acts 
| as a tap thread and cuts screw 
| threads in the material into which 


the screw is being driven. The screw, 
of course, is hardened, and can be 


| driven into metals and non-metallic 


| materials. 


The stock removed when 


| the thread is being cut is forced into 


| 
| 


the slot, away from the cutting edge, 
thus eliminating the possibility of 
clogging. 
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Certainly! A diesel oil engine can have the same long life and low up- 
keep as a gasoline engine—f it is a low pressure engine. 

The Waukesha-Hesselman Oil Engine can burn its fuel with com- 
pression pressures and combustion pressures no higher than those of 
a gasoline engine. Simply because a spark plug ignites that fuel in- 
stead of great pressure. 

With a spark plug, starting is quick and easy. Ignition can be 
definitely timed, and combustion begins promptly. There is no ignition 
delay. A Hesselman does not have that “characteristic Diesel knock” 
at light or idling loads. The rate of pressure rise is controlled and 
gradual. And peak pressures are not even as high as the compression 
pressures of Diesel engines in the same speed and power range. 

Cylinders, pistons, rings and bearings last longer in a Hesselman. 
And, with its low pressures, a Hesselman does not lose so much in 
power and efficiency as it grows old. Get the details in Waukesha 
Engineering Record No. 6. A copy on request. 
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